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CHAPTER - 1: 
INTRODUCTION 
With the increasing competition in industry due to free trade 
policies of government of many countries, small and medium 
scale industries are under pressure to increase their 
productivity^ with their limited resources. To survive in the 
market they have to be critically conscious about productivity. 
Productivity is defined as the effective utilization of resources 
like men, machines, materials, space etc. Mathematically, it is 
the ratio of output to input. Productivity plays major role in 
the economic development of any country. Either increasing 
output for the same input or the same output b^ ^ decreasing 
input or any combination of the two can enhance it. 
Productivity in its broader sense has a different conceptual 
meaning when it represents performance of a system against 
the desired objectives. Depending upon the concept 
consid€jred, a number of models have been developed by 
several engineers to measure productivity at both micro and 
macro level. 
There are many factors, which affect productivity like plant 
layout, material handling, product design, quality control, 
methods study etc. Different ways of increasing the 
productivity are - by proper layout, proper utilization of 
machines, improved working methods, energy saving, 
materials saving etc. 
Productivity is important to achieve several objectives. It helps 
to identify areas for corrective actions to be taken towards 
planning, redeployment of resources and better managerial 
control. It reduces physical effort and provides better working 
conditions. Due to less scrap, manufacturing cost is also 
reduced. 
In Ajmerica, there is a productivity center, called American 
productivity center (Hamlin, RE. - 1978). The APC is a non-
profit making privately funded organisation started to 
accorriLplish three objectives: improve productivity in individual 
firm, improve quality of working life and preserve the private 
enterprise system. The APC is organised into four divisions: 
productivity programs, research and development, information 
services and education and training. 
There are certain small scale industries like lock industry in 
which variety of items is few due to which product type layout 
is not beneficial and at the same time process layout is not 
feasible due to small quantity of parts. A promising solution 
for such category' of industries is a group or cellular layout. 
In this work, an attemipt has been miade to increase the 
productivity through systematic cellular layout in a lock 
manufacturing industry of Aligarh. 
In the existing layout, machines are arranged in a process type 
layout. All the milling machines are placed at one place; 
similarly all drilling machines at another place. Due to this, lot 
of back tracking of parts in process is observed. 
Transportation distance and material handling is also quite 
high. 
In this study, flow process charts of different parts, containing 
movements of parts, their transportation distances, elemental 
time of different operations, are prepared. Literature related to 
productivity and plant layout has been reviewed in chapter -
2. Other similar studies on related topics are also discussed in 
this chapter. Arrangement of machines, equipment and other 
facilities with figxires of existing plant layout is described in 
chapter - 3. 
Chapter - 4 contains discussion of layout which is proposed in 
order to improve productivity of the unit. Comparison of both 
layouts, existing and proposed is presented in chapter - 5. 
Results thus obtained and further analysis is also discussed 
in this chapter. Outcome of present study, areas which are not 
covered and scope of further research are part of chapter - 6 
After evaluating different layouts, a group la.yout involving 
minimum material handling, minimum transportation and 
maximum production was recommended in place of process 
lavout. 
In ejiiisting layout 38 workers were involved in manufacturing 
345000 locks per annum while with the same facilities, work 
force w a^s significantly reduced and production enhanced to 
438000 annually i.e. an increase of 93000 locks was achieved 
per iannum. 
Productivit}' was calculated and it was observed that there is 
increase of 12 .4 % in productivity value. 
Existing and proposed layouts were compared and it was 
found that there was decrease of ^7 ^.^ m in transportation 
distance and utilization of machines was increased 
significantly. 
Cellulcir layout has been proposed in place of existing one due 
to various reasons. For Isirge volume of production, product 
type layout is generally used and for small volume and large 
varieties process type layout is used. But in the present case, 
neither the volume of production is large nor the varieties. 
Hence to take the benefits of both types of layout, a mixed type 
layout i.e. cellular layout is adopted. For the small-scale 
industries in India, cellular layout appears to be the most 
suited layout as items in small volume and in limited varieties 
are produced in India 
CHAPTER - 2: 
LITERATURE REVIEW 
2.1 Productivity: 
2.1.1 Definitions and concept: 
Productivity is used to express the overall efficiency of an 
organization. It is defined as the effective utilization of 
resources like men, machines, materials, space etc. 
Mathematically, it is the ratio of output to input. In broader 
sense it represents performance of a system against the 
desired objectives. 
Productivity is nothing but the reduction in wastage of 
resources. The resources may be men, machines, material, 
power, space, time and building etc. 
The only way of raising the living standards of the societ}' is to 
increase productivity. Increasing output from each unit of 
input can increase productivity. Increase in productivity 
maizes it possible to pay good wages to employees, provide 
satisfactory dividends to stockholders and to sell products and 
services at low prices. 
At the same time, changes in technology are taking place at a 
rapid rate and with these changes an increase in productivity-
is expected. According to Morrison and Mikee -1978[1], 
technology contribute 59%, labour contributes 14% and 
capital contributes 27% in productivity improvement. 
It is quantitative relationship betw^een what we produce and 
the resources used. It is measure of how much input is 
required to produce a given output i.e. it is ratio of output to 
input. 
Productivity is the ratio between the amount produced and the 
amount of resources like man, machine, material and space 
used in the course of production. 
According to Peter Drucker, "Productivity means a balance 
between all factors of production that will give the maximum 
output with the smallest effort." 
According to European Productivity- Council "Productivity is an 
attitude of mind. It is a mentality of progress, of the continues 
improvement of that which exists. It is certainty of being able 
to do better than yesterday and continuously. It is constant 
adaptation of economic and social life to changing conditions. 
It is continual effort to apply new techniques and methods. It 
is the faith in human progress. " 
According to International Labour Organization (ILO), " The 
productivity is the ratio between the volume of output as 
measured by production indices and the corresponding 
volume of labour input as measured by the employment 
indices." 
Organization of European Economic Community (OEEC) 
defines productivity as the ratio between the production of 
given commodity measured by volume and one or more of the 
coni'esponding input factors also measured by volume. 
According to V. K. R. Menon, productivity implies development 
of mi attitude of mind and a constant urge to find better, 
cheaper, easier, quicker and safer means of doing a job, 
manufacturing a product and providing a service. 
2.1 2 Studies corried out on productivity: 
Many studies have been carried out to improve the productivity 
of any manufacturing concern, 
George A. Markell, 1976[14] in his study on productivity 
improvement through material handling, observed that the 
material handling affects inventory, turnover, equipment and 
maintenance cost, downtime, product damage, indirect labour 
expenses. Hence, amount saved through better material handling 
directly contributes to the profit. 
10 
According to Notional Bureau of Standards, the product 
degradation is a result of poorly selected or designed handling 
methods. In job shop metal cutting industries in the USA, 
Merchant, 1982[15] observed that on an average work expend 
only 5% of its manufacturing cycle time on machines; of this 5%, 
only 30% of time was expend in actual machining with remaining 
70% consumed in positioning, loading, gauging and idle time. 
Therefore 98.5% (approx.) of cycle time was consumed In 
material handling and related activities. 
5AD0WASKI AND Tracy 1982[16] suggested that -
a) A closed loop system is required so that the source of problem 
related to quality can be identified in time and corrective 
action taken. 
b) Operational efficiency of concern can be achieved through 
judicious application of industrial engineering concepts. 
11 
c) Unnecessary material handling should be reduced to minimum 
and if possible eliminated. 
d) Use of mw technology greatly reduces the manufacturing cost. 
e) Manufacturing flexibility in facilities should be provided. 
S. Pratap and Srivastava 1984[173 conducted a study to find out 
the causes of low productivity. They found that there were 
number of factors which \Ne.re responsible for the poor 
productivity like faulty communication, formation of informal 
groups, decision making process and other factors related to 
human relationship. 
i^amymana 1984[18] studied productivity of an industrial f irm. 
He determined that one of the major obstacles to productivity 
improvement was the facilities layout 
Various researchers have also reported the increase in 
productivity by systematic planned layout. Moore 1978[20] in 
his study of computer aided layout planning found a 
significant effect of layout in increasing the productivity. 
Carrie 1979[211 conducted the studies on computer added 
layout planning and suggested that the way ahead in 
computer aided layout planning lies in integrating these 
techniques within a powerful computer aided design/ 
computer aided manufacturing system. Choudhry 1984[22] in 
hiis study on computer aided facility layout found that the 
productivity was increased by 40 %. 
On reviewing above studies, it appears that very few studies have 
been conducted to increase the productivity of a small scale 
industry by using Cellular Layout which appears to be most 
suitable in Indian context. 
2.1.3 Importonce of productivity: 
The concept of productivity is of great significance for 
underdeveloped and developing countries. In these countries 
there are limited resources which should be used to get the 
maximum output i.e. there should be tendency to perform a 
13 
job by cheaper, safer, and quicker ways. The objective should 
be optimum use of resources so as to provide maximum 
satisfaction with minimum efforts and expenditure. 
]r¥oductivity analyses and measures indicate the stages and 
situations where improvement in the working is possible to 
increase the output. 
The productivity indicators can be used for different purposes 
viz. comparison of performance of various organizations, 
contribution of different input factors, bargaining with trade 
unions etc. Many companies of the world have created their 
own productivity centers e.g. Westing house productivit)' 
center in USA. IBM productivity center in Europe works 
through National productivity officers and groups from its HQ 
in Paris. 
2.1.4 Indices ond Models of productivity measurement: 
Sardana and Prem Vrat[9] describes different models on the 
basis of concept on which they have been constructed. Some 
of them are given below -
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1) Production function models: 
This approach represents one of the earliest at tempts to 
measure productivity, mainly propagated by econom^istB. 
The models consider production as the major activity of an 
organization and, therefore, infer that measurement of 
productivity is synonymous to measurement of the 
production function. Some of the proposed relationships 
are. 
Cobb-Douglas function [10] expresses the function as 
Q = a LdRfe" 
Where, Q = output, L = labour, K = capital, 
e = Random measurement error, a,d,f,u are constants 
Harry Ernst [ l l j also proposed a model considering output 
to be a function of inputs as -
Output =f(Xl.X2,X3....X„) 
Where, Xl.X 2,X3, ...X n are the inputs. 
2) Finoncioi rotios: 
The financial ratios are used to assess the financial 
performance of a company. Performance of a company is 
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essentially determined in terms of its growth in total capital 
employed, fixed assets, sales and profits. Many have 
recommended use of ratios such as - value added per 
employee, ratio of material consumption to turnover, energy 
consumption to turnover, ratio of gross profit to interest and 
PAT (profit after tax). 
3) Production based model: 
Kendrick and Creamer [12] considered that a company's 
productivity could be measured in terms of productivity 
indices -
1) Labour productivity Net output (cost) 
Labour input (cost) 
2) Capital productivity Net output 
Capital employed 
3) Material productivity^ Net output 
Material cost 
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4) Profit productivity Ftofit 
Investment 
5) Total productivity' index Total output 
Toted input 
Total input includes labour, capital, materials and input of 
other services. 
4) Surrogote model: 
In surrogate models, such measures are selected which can 
be considered to be valid in place of measures which are 
either difficult to define or are unobtainable because of 
problems inherent in data collection etc. The surrogate 
measures then become representative of the productivity-. 
Byrd [13] proposed such a model where pa}' becomes a 
surrogate measure. He also proposed model to measure 
production of a workman or a department, or a plsmt. 
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For labour intensive industries, the author pointed out the 
traditional productivity measurement of an operator could 
be considered as 
P Actual pay 
Standard pay 
Actual pay is the pay paid to the worker and standard pay 
is the hours worked x standard rate of pay. 
2.1 5 Methods of increosing productivity: 
There are different ways of enhancing productivity in an 
industry. Some of them are -
1 Industries in which the cost of the raw material is larger, 
higher productivit}^ can be achieved through proper use of 
materials i.e. by reducing scrap. Value engineering can 
also be used to reduce material content by good design. 
2 By providing work incentives and other benefits to 
workers. 
3 By better transportation method and material handling 
svstem. 
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4 Improvement in technology of product ion process can also 
increase productivity. 
5 Improved work methods through work-study techniques 
can substantially increase the ra te of production. 
6 By better and efficient utilization of resources available. 
7 Time and motion study can be used to assess the 
q u a n t u m of work for better p lanning and control. 
8 By workers involvement in decision making and working 
of organization. 
9 By simplification, s tandardizat ion, and specialization 
techniques. 
10 By use of linear progrcimming and other quantitative 
techniques for better decision making. 
11 ABC analysis to identify more important i tems and t hen 
use it in inventor^' control to r educe capital investment. 
12 By use of improved tools, simple a t tachments and other 
devices. 
13 FVoductivitv' can also be increased by training of 
employees, better communicat ion and effective 
management through PERT / CPM methods . 
19 
14 Total production time can be reduced considerably by 
improving the methods of machine setting thereb}' 
reducing setup times. Proper maintenance of machines 
(avoiding sudden break down) will also add to 
productivity. 
ISA suitable plant layout can accommodate more machinery 
m the same space and thus raise productivity 
16 IProper orientation, construction and inside conditions of a 
building also greatly affect productivity. 
17 By reduction in inventor}' size. 
18 Better decisions obtained through adequate and timely 
information systems will definitely improve productivity. 
2.1.5. Factors offecting Productivity: 
a) (External factors: 
1) Natural resources and their mobility. 
2) Availability of capital. 
3) Taxation. 
4) Government laws. 
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5) Extent of market competition 
6) Technical and other training facilities. 
b) Internal fitictors: 
1) Plant layout 
2) Material handling 
3) Product design 
4) Work study 
5) Methods study 
6) Quality control 
7) Production planning and control 
8) Management techniques 
2.1.7 Benefits from increased productivity: 
a) Benefits to the concern: 
1) More profit. 
2) Higher productivity ensures stability of the concern. 
3) It provides opportunity^ for expansion of the concern. 
4) It promotes overall prosperit}' and reputation of the 
concern. 
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b) Benefits to the workers: 
1) More wages. 
2) Better standard of living. 
3) Better working conditions and hence better health of 
workers. 
4) Improved morale and greater satisfaction. 
c) Benefits to the consumers: 
1) Better quality of product. 
2) Reduction in prices. 
3) More satisfaction to the consumer. 
d) Benefits to the Nation: 
1) Greater national wealth. 
2) It increases per capita income. 
3) It improves standard of living. 
4) Better utilisation of resources of the nation. 
5) Expansion of intemationcd market. 
')') 
2.2 Plant layout: 
2.2.1 Definitions and concept: 
Layout problems are common to all kinds of organizations. 
Like a retailer must arrange his counters and display the 
items in such a mianner that facilitates movement and attract 
the attention of customers. 
Plant layout is the physical girrangement, either existing or in 
plans, of industrial facilities. It is that function which involves 
the analysis, planning and design of most effective relationship 
betvi^een the physical facilities, movement, material (direct and 
indirect), and activities of personnel and flow of information 
required to obtain optimum performance of the system. 
It is a functional arrangement of work place, working-
machines, service facilities etc. meaning thereby, it is the 
proposed floor plan of shop. It shows the location of physicEd -
equipment and physical path of all movements. 
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It integrates the factory ground, buildings, floor, departments, 
processing equipment, manufacturing methods, handling 
equipment, service facilities, flow of production, labour, 
dispatch of finished goods etc. with the systems organization, 
data system, information system etc. and forms a single unit. 
Integration and compatibility can yield marketable product of 
required value to satisfy customers. Effectiveness of facilities 
influences the overall performance of the system. 
CLassical definition states that plant layout is placing the right 
equipment coupled with right methods in the right place to 
pe]-mit the processing of product(s) in the miost effective 
manner through the shortest move in the shortest time. 
In the words of James Lundy, "Layout identically involves the 
allocation of space and the arrangement of equipment in such 
a manner that overall operating costs are minimized". 
Alternately, plant layout is an effort to arrange machines and 
equipment, and other services within a pre-designed building; 
ensuring steady, smooth and economical flow of material. 
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Efficiency and performance of good machines and sturdy 
building depend to a great extent on the layout of a plant. A 
good layout results in comforts, convenience, safety, efficiency, 
compactness and profits. A poor layout results in congestion, 
waste, frustration and inefficiency. 
2.2,2 Types of Plant layout 
On the basis of the arrangement of machines, following three 
basic types of layouts are used -
(a) Line or Product layout 
(b) Functional or process layout 
(c) Static layout or layout by fixed position 
(a) Line or Product layout 
In this type of layout processing machines, assembly 
stations and inspection stations are arranged according 
to the sequence of operations, that means work stations 
are located in the order in which the successive 
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operations are to be performed on the job. Thus each 
component from raw material to final product flows 
smoothly in foru'ard flow along direct path from one 
machine to another with the shortest move till all the 
necessary operations are completed. It is suitable for 
continuous or repetitive operations (mass production). 
This type of layout is used for the development of efficient 
assembly line for automotive parts, steel rolling mill, 
textile industry, sugar factory etc. 
Mavtet 
Fig. 2. 1 
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Advontages: 
1) There are direct channels of material flow, short 
distances between operations, lesser back tracking etc. 
This reduces material handling requirements. 
2) It results in smooth, regular and logical flow of material, 
men, machines and finished goods. 
3) It provides economy in materials and labour by 
minimising wsistage. 
4) It minimises delay in operations and results in short 
processing time. 
5) It results in desired quality level at low cost and reduced 
cycle time. 
6) It results in better production planning and control and 
easy scheduling. 
7) Effective use of floor area, machines, labour and 
material. 
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Disodvontages: 
1) I^oduct layout offers least flexibility. The facilities are 
designed to perform special operations. This system can not 
easily adjust to some modifications in the production 
process or changes in design of product. 
2) Due to duplication of facilities product layout requires 
higher initial investment which leads to high overhead 
charges. 
3) E5reak down of any workstation may lead to stoppage of 
entire production line. 
4) This kind of layout requires more specialized and skilled 
supervision. 
(b) Functionol or Process loyout: 
This type of layout is designed for non-repetitive, intermittent 
tv'pe of production (Batch production or job-shop) where in low 
volume of production of a variety of jobs/design can be 
obtEiined e.g. machine tools, custom made furniture etc. It is 
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suitable when flows are not standardized due to large variety 
of product. 
In this workstations are grouped according to the function 
they perform hence each department has got similar type of 
ma.chines. This layout is most flexible but processing time, 
handling time is more since each material take separate path 
on the shop floor. 
Work Area 
Fig. - 2.2 
Advantages: 
1) Process layout requires lesser capital investment as 
general-purpose machines are used in a variety of jobs. 
2) The layout is more flexible to adjust modifications and 
changes in product design and processes. 
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3) In case of break down of a machine entire production line 
is not stopped. 
4) It results in easy maintenance. 
5) Each production unit works independently and is not 
affected by the happenings in other units. 
6) It provides job satisfaction to employees. 
7) It results in specialisation of workers, which leads to 
better quality work. 
Disodvantoges: 
1) More material handling due to larger number and longer 
flow lines. 
2) Highly skilled labour and special tooling are required, thus 
increasing the production cost. 
3) Inspection is more frequent and costlier as inspection is 
necessary before the work goes to next operation in 
another department. 
4) Total product cycle time in process layout is more than 
that required in product layout. 
5) It requires more floor space. 
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6) Due to lack of a line balancing and variety of operations, 
production planning becomes complex. 
7) Buffer stock is essential. 
8) High investment in raw material and work in process. 
(c) Static layout or loyout by fixed position: 
In this type of layout, materials are positioned at one place 
because either they are too heavy or too big. Here men, 
equipment and the raw material is moved to a place where all 
the manufacturing activities are carried out e.g. Ship 
building, Aircraft assembly. Boilers, Pressure vessels, Heavy 
motors, Turbo- generators, construction of dams and bridges 
etc. Rr^ JHo-kUM 
Toots 
Advantages'. 
Fig. - 2.3 . E<^UjL|5TVK.yvt 
1) Layout is simple and capable of frequent adjustments, 
both in product and in process. 
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2) Workers can be employed and remain busy throughout 
the process in one work or the other. 
Disadvantages: 
1) Since machines and equipment are transferred to some 
particular place, heavy and sophisticated equipment can 
not be used in such cases. 
2) It is suitable for special project and for few items only. 
2.2.3 Loyout problem: 
To develop an efficient layout, thorough knowledge of following 
factors is essential -
1. Principles and objectives 
2. Input data 
3. Types of laj-out 
4. Tools and aids 
5. Designing a layout 
Plant design problem falls into the category of an ill-
structured problem due to following factors -
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a) It can not be described exclusively in numerical variables 
b) The goal to be attained can not be defined in terms of 
quantitative objective function 
c) Algorithms that permit the best solution to be found and 
stated in numerical terms do not exit 
For efficient plant design, both quantitative and qualitative 
kinds of information are essential. Otherw-ise it leads to the 
conclusion that the problem is ill-structured one. 
2.2.4 Advantages of good layout: -
A good layout results in -
a) Increased output with fewer men and machine hours due 
to higher utilisation of resources 
b) Fewer delays owing to better balancing. 
c) Economical use of floor area and capital. 
d) Minimum material handling. 
e) Reduced work-in-process inventories 
f) Better use of direct and indirect labour 
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g) Maintaining flexibility to overcome problem of product 
change, 
h) Less congestion on shopfloor and better safety. 
i) It Makes supervision easy and quick. 
j) It makes repairs and maintenance easy, 
k) It yields higher profits. Therefore, higher wages can be 
paid to workers. 
1) It reduces backtracking. 
m)It reduces wastage and spoiled work, 
n) It results into better quality product and less inspection. 
2.2.5 Principles of plant layout: 
a) Principle of overall integration: It means integration of 
men, materials and supporting facilities. It results in high 
de^ p:"ee of efficiency 
b) Principle of minimum distance travel: Distance travel is a 
non-value-added element hence it must be kept minimum. 
It is essential requirement of layout to cut down the 
production cost but not at the cost of safety. 
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c) Principle of smooth flow of resources: Zigzag flow of 
resources results in causing accidents. Smooth flow plays a 
ver}' important role in space economy, reduction in handling 
cost and in using automation. It affects the amount of work 
-in -process inventories. Simple flow is good for better 
control and supervision. 
d| Principle of cubic space utilisation: It emphasizes the use 
of vertical flow as far as possible. It results in economy but 
safety of workers must be ensured. 
e) Principle of satisfaction and safety: According to this, 
other things being equal, the best layout is one, which 
makes work satisfying, pleasant and safer for workers. 
f) Principle of flexibility: It means the best layout is one, 
which can be adapted and rearranged at a minimum cost 
and w^th least inconvenience. 
2.2.6 Flow pattern 
Flow pattern means the system to be adopted for the 
movement of raw materials from the beginning and unto the 
end of manufacturing. The overall objective is to plan for the 
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economical movement of the raw materials throughout the 
plant. 
The flow pattern affects the cost of -
a) Material handling. 
b) Amount of work in process. 
c) Capital and space tied up by work in process. 
d) Length of total production time. 
e) The rate of performance and coordination of 
operations. 
f) Amount of physical and mental strain on the 
operators. 
g) Supervision and control mechanisms. 
2.2 . ^. 1 Two types of flow systems -
a) Horizontal flow S3^stem: adopted on a shop floor. 
b) Vertical flow system: adopted where material has to 
move in a multi-stor}' building. 
a) Horizontal flow lines: These can be of five types -
1) Line flow: It is the simplest form where the material 
enters at one end and finished goods leave the line at 
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the other end. It results iii better control and 
supervision for short lines. 
2) In type flow: It is used where tlie single line flow 
becomes too large and can not be accommodated in 
available space cind also to ease the supervision. 
3) U - flow: In this, receiving of material and dispatching 
of goods is made at the same side. It is generally used 
in assembly lines e.g.-motor industry. 
4) S - flow: It is a combination of U - flows and adopted 
when production lines are going to be too long. It 
provides efficient space utilisation and remains 
compact for supervision and control 
5) O - flow: It is preferred when operations are to be 
carried out on a rotary table. It is generally used in 
bottling plant and in electric bulbs manufacturing co. 
b) Vertical flow lines: These are normally used in 
industries where the materials are allowed to flow from 
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one floor to anotJier. e.g. chemical processing, agro based 
industries etc. 
2.2.7 Factors to be considered for plant layout: 
1) Type of industry: Industries are generally classified 
according to their processes of manufacture. Plant layout 
greatly depends on the type of industry. 
2) Type of product: It means whether the product is heavy or 
li,ght, large or small, liquid or solid. It is also a consideration 
in plant layout. 
3) Volume of production: While deciding about the plant 
layout, it should be kept in mind what volume is required to 
be produced. 
4) Man factor: Man is a very sensitive being so he must be 
informed or assessed as to what degree he matches the 
lavout. The main considerations are -
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a) Safe working conditions so that maximum potential of 
the personnel can be used. 
b) Man power requirement, recruitment, selection, training, 
placement etc. 
c) Man power utilization. 
d) Human relations - living conditions, medical facilities, 
schooling, amusement center etc. 
5) Material fieictor: Materials are used in large varieties as raw 
material, scrap, in-process inventories etc. Main 
considerations are -
a) Design drawings with specification of final product. 
b)i Quantity and quality of product. 
c) Physical and chemiccJ properties of materials used. 
d) Sequence of operations. 
6) Machine foctor: Machines include equipment, inspection 
machines, tooling etc. 
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7) Movement fiactor: The layout mus t ensu re shortest 
possible moveinent of materials, machines, man along with 
the movement of information and instructions and always 
move towards the completion of job. 
8) Waiting £actor: Waiting occurs at the receiving point in 
process, waiting d u e to handling or inspection. Waiting 
costs money indirectly. 
9) Service fiacton It includes all such activities like facilities, 
material and m a n which are used to serve the production 
line so tha t cont inuous functioning of product ion line is 
achieved. 
10) FleTdbilitjr and expandability: Flexibility and 
expandability m u s t be considered before designing the plant 
kiyout. 
2.2.8 Input data for designing of plant layout: Input data 
required for developing an efficient layout is given below -
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1) Product engineering data: 
a) FVoduct characteristics, design a n d 
specifications. 
b) Drawings of product, par t sub-assembl ies and 
complete assembly drawings. 
c) Bill of materials of the par ts to be produced. 
d) Prototype development, collecting the reactions of 
the customers and modifying the design in c a s e 
of any dissatisfaction. 
2) Marketing data : 
a) Short term and long term sales forecast.. 
b) Market t rends , quality and character is t ics 
desired by customers. 
c) Probable areas of market ing the product. 
d) Decisions regarding make or buy, inventories 
involved and their storage. 
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3) Process Engineering data: 
a) Operational sequence of components (routing), 
no. of operations, no. of mach ines involved etc. 
b) Identifying inspection places, their a reas , 
processing work area, s torage at different s tages 
and the area of each. 
c) Identifying the movements of men , materials and 
machines and the required a rea a n d space 
requirement for main tenance . 
d) Identifying the requirement of working conditions 
like temperature , humidity, light, noise etc. 
e) Determination of no. of mach ines a n d men 
required with their specifications. 
4) Methods standard data: 
a) Specifying the s tandard methods . 
b) Setting the s tandard t ime to complete each 
operation. 
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JS) Plant layout data: 
a) Existing layout details if any. 
b) Plant structure and services required. 
6) Production control data: 
a) Methods to improve the quality and quantity 
level. 
b) Capacity- and capability' for loading and 
scheduling. 
7) Other data : 
a) Inventory policy. 
b) Maintenance policy. 
c) Safety and environment policy 
d) Polic}' on services of parts. 
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2.3 ^oup Technology and Ceiluior foyout: 
2.3.1 Definitions ond concepts: 
In the present context, flexibility and facility- utilization are 
essential requirements to take care of fluctuating n a t u r e of 
market . 
Cellular layout is an integrated approach to design the cells so 
as to meets these requirements. It is a combination of process 
and product la3'out to obtain optimum utilization of available 
equipment and work force. 
Group Technology is a wa} of gathering da ta so that par t s with 
similar characteristics, either geometric or processing, which 
are also manufactured similarly, could be identified. The 
equipment to make these similar par ts or families of par t s are 
grouped together and designated for these parts . This group 
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of equipment is called a cell aiid t±ie arrangement of cells is 
called a cellular lavout. 
Group Technology and cellular layouts can be combined and 
used to produce families of parts more economically than by 
use of product or process layout. 
Group Technology' or cellular manufacturing has become an 
increasingly popular concept in manufacturing that is 
desi^jned to take advantage of mass production layout and 
techniques, in smaller batch production systems. 
Group Technology is concerned urith problems tike large variety 
of components, long throughput times etc. and realizes thai 
many of the problems ore similar and by grouping similar 
problems, a single solution can be found to a set of problems, 
hence saving the time and effort. 
In order for a cell to be economical and practical in the long 
term, the machines must be closely grouped, and the eel] 
must be flexible in its mix of capacity' and must be big enough 
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so tha t an absent employee does not shu t it down. Yet, small 
enough for employees to identify with the cell and under s t and 
the products and equipment clearl}'. 
Cellular la3'^ out can be configured in many ways in a line, in a 
U as used by Japan or in a C. Operators are placed along U 
and C cells in such a wav tha t thev can at tend several 
machines at a time. 
Group of machines selected for a cell is a r ranged together in 
such a way that component flow from one machine to next in 
the sequence of operations. It is not necessetr)'' for ever}' 
component to pass to each machine bu t the machines within 
the cell should be capable of carry'ing out all the operations 
required for the parts in a part icular family. 
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2.3.2 ADVANTAGES OF CELLULAR LAYOUT 
Among the advantages of cellular layouts are: -
(1) Lower work in-process inventories 
(2) Reduced material handling and its cost 
(3) Shorter flow t imes in production 
(4) Simplified production planning and control of materials 
and labour. 
(5) Increased operator responsibilities 
(5) Optimum sequencing and loading a n d more efficient 
utili2^tion of expensive machines . 
(7) Overall performance improvement by reduced production 
cost and improved on time delivery. 
bisadvantoges: 
(1) Potentially increased machine down time (since machines 
are dedicated to cells and may not be used all the time) 
(2) Cells become out-of-date as products and process change 
(3) Disruption and cost of changing to cell tv'pe layout 
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2.3.3 PROCEDURE FOR CEIL - DESIGN: 
The root of the problem of introducing the group technology is 
the identification of the components, from a large variety' of 
shapes requiring similar manufacturing operations on similar 
machine tools. Steps to be followed to design a cell are -
{1) COLLECTION OF PRODUCTION DATA: 
• Number and sequence of machining operations, setting 
times and numbers of each component within a defined 
period of time need to be collected. 
• By analysis of the miachining operations and sequence, it is 
possible to identify the types of machines required to form 
the machine group. 
• From the machining and setting times and the numbers of 
each component, the potential load on the machine group 
may be established. Line balancing however cannot be 
adequately established until the component tooling 
requirements have been assessed. This is the first stage in 
familv formation. 
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The drawings of each component within the fcimily are 
examined and the type and number of tools necessarv' to 
produce the components are determined. With the tooling 
analysis complete, the family is established. 
From this information the profile and parameters of the 
component family Eire constructed agednst which the 
acceptance or non-acceptance of new components into the 
family can be determined. 
2. DEFINING AND CONSTRUCTING A FAMILY OF 
COMPONENTS. 
In this stage using the principle of sameness creates a family 
of components. A classification and a coding sj^stem are 
required at this stage. Then a group of machines is decided to 
meet the workload calculated from components demand 
forecasts. Then an assessment must be made of the machines 
loading and manpower required. Analysis and adjustments are 
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requii-ed to obtain the satisfactory- optimum workload in each 
cell. 
A component family is a collection of similar or related 
geometrical shapes and/or size, all requiring similar 
machining operations. Components dissimilar in shape may 
be related by having same machining operations in common or 
by similar materials. This is known as Principle of sameness. 
Classification means arranging items into groups according to 
some system so that like things are brought together sind then 
separated according to a specific difference. 
A code is a system of symbols used in information processing 
in which numbers or letters or a combination of the two is 
given a certain meaning. 
A cl;assification and coding system should be specific to user 
needs, based upon permanent characteristics, mutually 
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exclusive and adaptable to future changes and computer 
processing. 
A group of machines is an arrangement which enables that 
particular sequence of operations required for machining of all 
parts in a given family to be performed within that group. 
3.FORMATION OP COMPOSITE COMPONENT: 
Where a group of components is broadly similar in size and 
shape or in machining requirements, then it is possible to 
combine their common features to form a single fictitious 
composite component that, for the purpose of manufacture, 
will have all the features of the individual components of the 
group. By then sequencing the machines and arranging its 
tooling to create this real/imaginary' composite component, it 
is possible by canceling the non-required operations and tools 
to manufacture any one member of the family (composite 
component). 
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Such components of the family must have two basic 
characteristics in common -
a) sjame holding requirements, and 
b) Very similar surfaces to be machined in terms of spatial 
location and size. 
4.CONCEPT OF KEY MACHINE 
The aim is to create cells in which the most expensive and 
important machines with high utilization are located. 
Composite component is used in industries to group w^ork on 
to a single machine tool and design tooling so as to minimize 
resetting between batches. Such a machine tool could then be 
the key machine of a cell. 
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ChQpter-3 
EXISTINe PLANT LAYOUT 
To maintain operating efficiency over a period of time, the 
existing plant layout must ordinarily be modified and 
improved continuously. The reasons are: 
(a.) Increase in demand of the product may need expansion 
of manufacturing facilities. 
(t») The use of advance technology in manufacturing 
systems like automation, mechanisation, using modem 
sources of energ}^ and fuel; improvised processes, 
materials, product design and scientific management. 
(c) Addition to production facilities to make use of unused 
floor. 
(d) Increased competitiveness. 
To revise and improve the existing plant layout, it is proposed 
to proceed in the following manner -
a) Defme the objectives. 
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b) Prepare aiid s tudy the existing plant layout. 
c) Collection of layout da ta like machine load, capacity and 
requirement, elemental time of each operation etc. 
d) Develop over all flow-plan of operations and then process 
flow chart showing dis tances moved, elemental time of 
operations for each part etc. 
e) Aneilyse the existing plant layout with the help of process 
flow char ts and remove all weaknesses and inefficiencies. 
f) Propose modified plant layouts and select the best one. 
The present s tudy is aimed at improving the existing plant 
layout of M/s . Morris Bajaj lock Industr}', Industr ial area, 
Aligiirh. The machines , equipment and other facilities available 
in tlie plant at p re sen t have been arranged according to the 
need without any proper planning. Now due to increasing 
competition, mechanisa t ion, automation and to improve the 
efficiency, it ha s become necessai}' to design the layout based 
on scientific principles and with quality considerations. 
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Exisling plant layout is shown in Fig. 3.1. It reveals the 
weal-Lnesses in the layout. Existing plant layout is a process 
type layout in which similar machines are grouped together 
and placed at one place. 
> • 
0^  
M/s. Morris Bajaj Is located In Industrial area, near m , Aligarh . Total 
shoF> floor area is sso m^out of which the different machines and 
equipment and other facilities are occupying 3oo m .^ 
Following machines are being used in different departments -
1) Power press (capacity 75 tons) 
2) Power press (capacit}' 50 tons) 
3) Power presses (capacity 30 tons) 
4) Power presses (capacity 20 tons) 
5) Power presses (capacity 10 tons) 
6) Power presses (capacity 5 tons) 
7) Power presses (capacit}' 2.5 tons) 
8) H;and presses 
1 no. 
1 no. 
3 nos. 
4 nos. 
4 nos. 
4 nos. 
2 nos. 
31 nos. 
<;< 
9) Milling machines 10 nos . 
10 
11 
12 
14 
15 
16 
Drilling machines 10 nos . 
Lathe machines (capstan) 4 nos . 
Lathe machines 2 nos . 
Wire flat machines 2 nos . 
Weighing machine 1 no. 
Surface grinder 2 nos . 
Bending machine 1 no. 
Different areas in the factory are as follows -
1) Cycle s tand 
2) Generator room 
3) Office 
4) Packaging department 
5) Finished and semi-finished goods store 
6) Raw material store 
7) Polishing depar tment 
8) Zn and Ni Plating plant 
9) Tool room 
10) Power presses depar tment 
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11) Hand presses department 
12) Milling and drilling machines department 
13) Lathe machines, grinder, wire flat machine department 
14) Assembly and inspection department 
Power presses are arranged in three parallel lines just at the 
entry of the shop floor and the distance between first two rows 
is approximately 2.5 m and the distance between next two 
rows is about 1 m. The gap between the first row of power 
presses and the wall is also about 1 m. 
Hand presses are arranged in next five paredlel row^s. The 
distance between the first row of hand presses and third row 
of power presses is approx. 2.5 m, in between these two rows, 
some drums and containers are also arranged. 
Milling machines and drilling machines are aiTanged in a long 
row on left side of the shop floor. In between the row of 
milling/drilling machines and row of hand presses, there is a 
paiisage about 2.5m wide. Other machines like lathe 
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machines, wire flat machines, weighing machine and one 
milling machine are arranged in a separate row, orthogonal to 
the rows of power and hand presses and in front of store and 
tool room. 
Polishing shop and bending machine are located in the 
backside of shop floor in a separate room. Assembly and 
inspection departments are in Ilnd plant. Zn and Ni plating 
plant is also arranged in llnd plant. 
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EXISTING PLANT LAYOUT 
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Flow process chart for Pad lock no.21 
Job 
Material 
Chart begins 
Chart ends 
: Spider (Hurka) 
: M.S. (14 SWG) 
: Store-2 
: Store-1 
: 1 
X^ 
1. Flaw material (Sheets) from 
Stor«^ •2 
2. Tnsnsportlng sheets from store to hyd. 
Press (10 ton) 
3. Delay in setting 
4. Blanking 
5. D€!iay In transportation 
6. Transportation of cut parts to hand 
pres!> 
7. Delay In setting 
8. Hole making for khunti 
9. Delay In transportayon 
10. Transporting the parts for polishing 
11. Delay in polishing shop 
12. Polishing 
13. Delay in transportation 
14. Transporting the polished parts to Zn 
plating plant 
15. Delay in plating plant 
16. Zn plating 
17. Delay in transportation 
18. Transportation of Zn piated parts to 
haixl press 
19, Khunti fitting 
20. Transporting the fittej parts to storel 
21. Entry in store-1 
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Flow process chart for Pad lock no.21 
Job 
Material 
Chart begins 
Chart ends 
: Shackle (Kada) 
: M.S. Rod 
: Store-l 
: Store-l 
: 1 
X' 
l.Raw material (MS.Rod) from 
Store-l 
2. Transporting rod from store tO 
caf)stan lattie no.l 
3. {Delay in setting 
4. Rod & gltti cutting at capstan lathe 
no.l 
5. Delay in tr»ispojtation 
6. Transportation of cut rods to milling 
m<ichines 
7. Delay in setting 
8. Slot making 
9. Delay In transportation 
10. Transporting the parts for polishing 
11. Delay in polishing shop 
12. Polishing 
13. Delay in transportation 
14. Transporting the polished parts for 
bending to tending machine 
15. Delay in setting 
16. Bending of rods 
17. Delay In transporting the gltti to hand 
press 
18. Transporting the gltti parts to hand 
press no 2 
19. Point cutting of Gitti 
20. Delay in transportation 
21. Transporting the gitti for polishing 
22. Delay in polishing shop 
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23. Polishing of gitti 
24. Transporting the polished gitti to 
drilling machsie 
25. Drilling of gitti 
26. Transporting the gitti to hand press 
no.3 of row 2 
27. Transporting the bend rod to hand 
press no. 3 of row 2 
28. Fitting of rod & gitti 
29. Transporting the fitted parts to drilling 
machine 
30. Drilling of fitted parts 
31. Transporting the parts to grinding 
irwchtne 
32. Grinding of parts to remove the txjrr 
etc. 
33. Transporting the finished parts to 
plating plant 
34. Delay in plating plant 
35. Rating of finished parts 
36. Transporting the plated kada to store 
- 1 
37. Entry of finished kada In store -1 
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Flow process chart for Pad lock no,21 
Job 
Material 
Chart begins 
Chart ends 
_Qty, 
: Spacer (Parda) 
: CRCA (14 SWG) 
: Store-2 
: Store-l 
: 1 
x^  1 
1. Raw material (Sheets) from 
StOire-2 
2. Transporting sheets from store to hyd. 
Press (10 ton) 
3. Delay In setbng 
4. Cutting 
5. Delay in transpoitation 
6. Transportation of cut parts to hand 
press no. 2 
7. [)elay in setting 
8. Drilling & bending 
9. Delay in transportatton 
10. Transporting the parts for polishing 
11. Delay in polishing shop 
12. Polishing 
13. Delay in transportation 
^.Transporting the polished parts to 
drilling machine 
15, Delay in setting 
16, Counter making 
17 Delay in transportation 
18. Transportation of the parts to Zn 
plating plant 
19. Delay in plating plant 
20. Zn plating 
21. Transporting the Zn plated parts to 
store-l 
22. Collection & Entry of finished parts in 
store-l 
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Flow process chart for Pad lock no.21 
Job : Lever 
Material : CRCA (14 SWG) 
Chart begins : Store-2 
Chart ends : Store-l 
Qty. : 5 nos. of 3 types 
X^ 
1. Raw material (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press; (10 ton) 
3. Delay In setting 
4. Cutting 
5. Delay in transportation 
6. Transporting the cut parts to hand 
press no.l 
7. Delay in setting 
8. Lever malcing 
9. Delay in transportation 
10. Transporting the parts for polishing 
11. Delay in polishing 
12. Polishing 
13. Delay in transportation 
14.Transporting the polished parts to Zn 
plating plant 
15. Delay in plating plant 
16. Zn plating 
17. Delay in transportation 
18. Transportation of Zn plated parts to 
hand press 
19. Rattening 
20. Delay in transportation 
21, Transporting the flattened parts to 
store-l 
22. Collection & Entry in store-l 
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Flow process chart for Pad lock no,21 
Job 
Material 
Chart begins 
Chart ends 
Qty. 
Key 
I^ .S. (14 SWG) 
Store-2 
Store-l 
2 
X' 
1. Raw material (Sheets) from 
Store2 
2. Transporting sheets from store to hyd. 
Press (10 ton) 
3. Delay in setting 
4. Cutting 
5. Delay in transportation 
6. TransportcAion of cut parts to hand 
press no.2 
7. Delay in setting 
S.Hole malting for key ring 
9. Delay in transportation 
10. Transporting the parts for polishing 
11. Delay In polishing 
12. Polishing 
13. Delay in transportation 
^.Transporting the polished parts to 
milling machine no. 
15. Delay in setting 
16. Slot cutting on milling machine 
17. Delay in transportation 
18. Transportation of parts to hand press 
no."? 
19. Delay in numbering 
20. Numt»ering 
21. Delay in transport^ion 
22. Transporting the parts for polishing 
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fe.f 
Xio 
4>& 
23. Delay in polishing 1 
24. Poilishing 
25. CXilay in transportation 
26. Transporting the polished parts to 
hyd. Press (30 ton) in 2"^  row 
27. Numbering (Big no.) 
28. Transporting the numbered parts to 
Plating plant 
29. Delay in plating plant 
30. Ni plating 
31. Delay in transportation 
32. Transporting the plated parts to store 
- 1 
33. Collection & Entry of finished parts in 
store-1 
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Flow process chart for Pad iock no.21 
Job 
Material 
Chart begins 
Chart ends 
: Upper body 
: CRCA (16 SWG) 
: Store-2 
: Store-1 
Qty. : 2 
X' 
l.Ravv material (Sheets) from 
Store-2 
2. Transporting slieets from store to hyd. 
Press (20 ton) 
3. Delay in setting 
4. Cutting 
5. Delay in transportation 
6. Transportation of cut parts to hyd. 
Presis (5 ton) 
7. Dielay in setting 
8.2"^ operation (cutting) 
9. Delay in transportation 
10. Transporting the parts to hand press 
no. 1 & 2 
11. Delay in setting 
I Z Hole malcing & flattening 
13. Delay In transportation 
M.Transporting the flattened parts for 
polishing 
15. Delay in polishing shop 
16. Polishing 
17. Delay in transportation 
18. Transporting the polished parts to Zn 
plating plant 
19. Delay in Zn plating plant 
20. Zn coating 
21. Delay in transportation 
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22. Transporting the Zn coated parts to 
tiand press no. 4 
23. Delay in Rod fitting 
24. Rod fitting 
25. Delay in transportation 
26. Transporting the fitted parts to store-
1 
27. Collection & Entry of finished parts in 
store 1 
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Flow process chart for Pad lock no.21 
Job : Cover 
Material : M.S. (14 SWG) 
Chart begins : Store-2 
Chart ends : Store-1 Qty.: 2 
X^  
1. Raw material (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press (20 ton) 
3. Delay in setting 
4. Blanking 
5. Delay in transportation 
6. Transportation of cut parts for polishing 
7. Delay In polishing 
8. Polishing 
9. Delay In transportation 
10. Transporting the polished parts to 
hyd. Press (30 ton) 
11. Delay in setting 
12. Bending & Numbering 
13. Delay in transportation 
M.Transporting the parts to hyd. Press 
(25 ton) 
15. Delay in setting 
16. Notching 
17. Delay In transportation 
18. Transportation of parts to hand press 
no. 5 In 1^ row 
19. Delay in setting 
20. Slot making for key 
21. Delay In transportation 
22. Transporting the slotted parts to 
capstaniathe 
23. Delay in setting 
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2A. Facing 
25. Delay in transportation 
26. Transporting the faced parts for 
polishing 
27. Delay in polishing shop 
28. Polishing 
29. Delay in transportation 
30. Transporting the polished parts to 
powder coating plant 
31. Delay in powder coating plant 
32. Powder coating 
33. Delay in transportation 
34. Transporting the coated parts to store 
- 1 
35. Collection & Entry of finished parts in 
s to re-1 
9 
0 
0 
0 
• ' 
0 
0 
0 
r 
0 
0 
0 
• = > 
= > 
- • 
= > 
==0 
'=> 
D 
Q-
^ 
D 
- « 
D 
9-* 
D D 
°/* 
- ^ 
c=J). 
^ 
«=<> 
H»^  
=i> 
•^  
D 
^ 
< 
D 
D 
# 
D 
M 
D 
b^  
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
?^ 
ir 
\to.i 
100-7 
3n 
3.i«»fc 
"7 f 
Flow process chart for Pad lock no.41 
Job 
Material 
Chart begins 
Chart ends 
: Spider (Hurka) 
: M.S. (14 SWG) 
: Store-2 
: Store-l 
^ : 1 
X^ 
1. Raw material (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press (10 ton) 
3. Delay in setting 
4. Blanking 
5. Delay in transportation 
6. Transportation of cut parts to hand 
press 
7. Delay In setting 
8. Hole making for khunti 
9. Delay In transportation 
10. Transporting the parts for polishing 
11. Delay in polishing shop 
12. Polishing 
13. Delay in transportation 
14. Transporting the polished parts to Zn 
plating plant 
15. Delay in plating plant 
16. Zn plating 
17. Transportation of Zn plated parts to 
hand press 
18. Khunti fitting 
19. Transporting the fitted parts to storel 
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Flow process chart for Pad locis :no. 41 
Job : Shackle (Kada) 
Material : M.S. Rod 
Chart begins : Store-l 
Chart ends : Store-l 
Qty. : l 
X^  
l.Raw material (M.S.Rod) from 
Store 1 
2. Transporting rod from store to capstan 
lathe no. 1 
3. Delay in setting 
4. Rod & gitti cutting at capstan lathe 
no.l 
5. Delay In transportation 
6. Transportation of cut rods to milling 
machines 
7. Delay in setting 
8. Slot making 
9. Transporting the parts for polishing 
10. Delay in polishing shop 
11. Polishing 
12. Delay in transportation 
13. Transporting the polished parts for 
bending to bending machine 
14. Delay in setting 
15. Bending of rods 
16. Delay in transporting the gitti to hand 
press 
17. Transporting the gitti parts to hand 
press no 2 
18. Point cutting of Gitti 
19. Delay in transportation 
20. Transporting the gitti for polishing 
21. Delay in polishing shop 
t 
1 22. Polishing of gitti 
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23. Transporting the polished gitti to 
drilling machine 
24. Drilling of gitti 
25. Transporting the gitti to hand press 
no.3 of row 2 
26. Delay in transportation 
27. Transporting the bend rod to hand 
press no. 3 of row 2 
28. Fitting of rod & gitti 
29. Delay In transfxirtatlon 
30. Transporting the fitted parts to drilling 
machine 
31. Drilling of fitted parts 
32. Transporting the parts to grinding 
machine 
33. Grinding of parts to remove the burr 
etc. 
34. Delay In transportation 
35. Transporting the finished parts to 
plating plant 
36. Delay in piatlrg plant 
37. Plating of finished parts 
38. Transporting the plated kada to store 
- 1 
39. Entry of finished kada In store -1 
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Fiow process chart for Pad lock no,41 
Job 
Material 
Chart begins 
Cliart ends 
Qty. 
: Spacer (Parda) 
: CRCA (14 SWG) 
: Store-2 
: Store-1 
: 1 
X' 
1. Raw material (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press (10 ton) 
3. Delay In setting 
4. Cutting 
5. Transportation of cut parts to hand 
press no. 2 
6. Delay in setting 
7. Drilling & bending 
8. Delay In transportation 
9. Transporting the parts for polishing 
10. Delay in polishing shop 
11. Polishing 
12. Delay In transportation 
IB.TransportIng the polished parts to 
drilling machine 
14. Delay In setting 
15. Counter making 
16. Delay in transportation 
17. Transportation of the parts to Zn 
plating plant 
18. Delay In plating plant 
19. Zn plating 
20. Transportinci the Zn plated parts to 
store-1 
21. Collection & Entry of finished parts In 
store-1 
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Flow process chart for Pad lock no.41 
Job 
Material 
Chart begins 
Chart ends 
: Lever 
: CRCA (14 SWG) 
: Store-2 
: Store-l 
Qty. : 1 nos. i 
X' 
1. Rav/material (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press (10 ton) 
3. Delay in setting 
4. Cutting 
5. Delay in transportation 
6. Transporting the cut parts to hand 
press no.l 
7. Delay in setting 
8. Lever making 
9. Delay in transportation 
10. Transporting the parts for polishing 
11. Delay in polishing 
12. Polishing 
13. Delay In transportation 
^.Transporting the polished parts to Zn 
plating plant 
15. Delay in plating plant 
16. Zn plating 
17. Delay in transportation 
18. Transportation of Zn plated parts to 
hand press 
19. Flattening 
20. Transporting the flattened parts to 
store-l 
21. Collection & Entry In store-l 
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Flow process chart for Pad lock no.41 
Job : Key X^>>^ ^^ ^^ ^^ d=|^ ^ 
Material :M.S. (14SWG) M^^^^^ ' "^ ^ " 
Chart begins : Store-2 ;».; ^ 
Chart ends : Store-1 \J^ D s - 3 2 2 6 
Qty. : 2 s^ 4^., ^ . -^ 
X^  
1. Raw material (Sheets) from 
Store2 
2. Transporting slieets from store to liyd. 
Press (10 ton) 
3. Delay in setting 
4. Cutting 
5. Delay In transportation 
6. Transportation of cut parts to hand 
press no.2 
7. Delay in setting 
S.Hole making for Icey ring 
9. Delay In transportation 
10. Transporting the parts for polishing 
11. Delay In polishing 
12. Polishing 
13. Delay in transportation 
14.Transportlng the polished parts to 
milling machine no. 
15. Delay in setting 
16. Slot cutting on milling machine 
17. !>elay in transportation 
18. Transportation of parts to hand press 
no. 1 of 2"^ row 
19. Delay in numbering 
20. Numbering 
21. Delay in transportation 
22. Transporting the parts for polishing 
x^  
0 
0 
0 
0 
0 
0 
®J 
0 
0 
0 
%^ 
0 
0 
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B : ^ < 
=0 
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==>> 
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' • - ^ 
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H> 
- j K 
=0 
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D 
< 
^ 
D 
^ 
^ 
^ 
D 
n-
CD 
g: 
D 
• [> 
V 
u 
"\y-
^ P 
D 
D-
'Q 
x= 
J> 
D 
"§ 
D 
> » 
D 
>g 
D 
> • 
D 
* 
D 
> » 
D 
fi 
D 
^ 
D 
D 
>© 
D 
) 
m sec. sec. 
T 
V 
V 
V 
V 
V 
iV_ 
~s\ 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
l^"*.! 
\^n 
10.7 
?0.^ 
im 
ai 
i.-lS' 
l . T 
I I . f 
ll.s 
2.(.r 
5.ia 
1 .^51( 
S.T? 
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23. Delay in polishing 
24. Polishing 
25. Delay in transportatton 
26. Transporting tiie polished parts to 
hyd. Press (30 ton) in 2^ row 
27. Numbering (Big no.) 
28. Delay in transportation 
29. Transporting ttie numt5ered parts to 
Plating plant 
30. Delay In plating plant 
31. Ni plating 
32. Delay in transportation 
33. Transporting the plated parts to store 
- 1 
34. Collection & Entry of finished parts in 
store - 1 
0 
r 
0 
0 
^ 
0 
0 
0 
0 
0 
0 
= * • 
<^ 
=0 
/ - • 
. • = < > 
- 0 
- ^ 
=0 
^ 
=!> 
- • 
^ 
^ 
D 
D 
-tf 
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^ 
N° 
^ 
D 
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'D 
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- & 
D 
^ 
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D 
D 
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^a 
97 
l o M 
zn M.'i^ 
38ax 
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Flow process chart for Pad lock no.41 
Job 
Material 
Chart begins 
Cliart ends 
_QtY, 
: Upper body 
: CRCA (16 SWG) 
: Store-2 
: Store-1 
:2 
x^  
l.Raw material (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press (20 ton) 
3. Delay In setting 
4. Cutting 
5. Delay In transportation 
6. Transportation of cut parts to hyd. 
Press (5 ton) 
7. Delay in setting 
8. 7^ operation (cutting) 
9. Delay In transportation 
10. Transporting the parts to hand press 
no. 1 & 2 
11. Delay insetting 
12. Hole making & flattening 
13. Delay in transportation 
14,Transporting the flattened parts for 
polishing 
15. Delay in polishing shop 
16. Polishing 
17. Delay in transportation 
18. Transporting the polished parts to Zn 
plating plant 
19. Delay in Zn plating plant 
20. Zn coating 
21. Delay In transportation 
x^ 
0 
0 
0 
@ < 
0 
0 
0 
© -
0 
0 
0 
®< 
0 
0 
0 
®< 
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=0 
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H K 
H> 
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D 
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^i 
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^ 
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D 
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V 
V 
V 
V 
V 
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V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
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X* 
sec. 
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x* 
sec. 
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2.(8 
fe.tS-
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22. Transporting the Zn coated parts to 
hand press no. 4 
23. Delay in Rod fitting 
24. Rod ntting 
25. Delay in transportation 
26. Transporting the fitted parts to store-
1 
27. Coliection & Entry of finished parts in 
store 1 
0 
0 
©-
0 
0 
0 
-•-
•=t> 
• ' • l ( > 
«{> 
9^ D 
J 3 ^ ^ 
D D 
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D 
^ 
V 
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Flow process chart for Pad lock no,41 
Job : Cover 
Material : M.S. (14 SWG) 
Chart begins : Store-2 
Chart ends : St( 
X^  
1. Raw material (Sheets) from 
Store2 
2. Transporting sheets from store to hyd. 
Press (20 ton) 
3. Delay in setting 
4. Blanking 
5. Delay in transportation 
6. Transportation of cut parts for polishing 
7. Delay in polishing 
8. Polishing 
9. Delay in transportation 
10. Transporting the polished parts to 
hyd. Press (30 ton) 
11. Delay In setting 
12. Bending & Numtwring 
13. Delay In transportation 
M.TransportIng the parts to hyd. Press 
(25 ton) 
15. Delay in setting 
16. Notching 
17. Delay in transportation 
18. Transportation of parts to hand press 
no. 5 in 1" row 
19. Delay In setting 
20. Slot making for key 
21. Delay in transportation 
22. Transporting the slotted parts to 
capstan lathe 
23. Delay in setting 
)re-J 
X^  
0 
0 
0 
©^  
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0 
0 
%-
0 
0 
0 
@ < 
0 
0 
0 
@ < 
0 
0 
0 
L 
x^  
-=0 
- • 
= > 
^ 
'=> 
< ™ ^ 
=0 
h$ 
• = > 
=t> 
, ^ 
==> 
- K 
=0 
^ 
=0 
- # < 
=0 
1==t> 
=c> 
-f< 
=c> 
x^ 
D 
^ 
^ 
D 
"D-
n: 
D 
n 
-n 
a 
^ 
^4 
a: 
D 
^ -
< 
^ 
D 
• - & -
'4 
D^  
Qty-
x= 
P-
D 
>B 
D 
3 
D 
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D 
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D 
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X* 
¥ 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
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V 
V 
V 
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V 
V 
V 
V 
V 
X' 
m 
^ o . 1 
^>o:; 
?.'! 
^ 
^•1 
10.2 
X^ 
sue 
2.U 
' i l 
%A 
3.2. 
X^ 
SCO 
2,93 
^.'^.G 
3.6r 
3.77 
Xio 
h\ 
24. Facing 
25. Delay in transportation 
26. Transporting the faced parts for 
polishing 
27. Delay in polishing shop 
28. Polishing 
29. Delay In transportation 
30. Transporting the polished parts to 
powder coating plant 
31. Delay in powder coating plant 
32. Powder coating 
33. Delay in transportation 
34. Transporting the coated parts to store 
-1 
35. Delay in store 
36. Collection & Entry of finished parts In 
store - 1 
§-^ 
0 
0 
0 
= > 
D D 
^ ^ 
- • < C Q 
=t> 
t<:^ 
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0 
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-•< 
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\(^s 
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2).^ ^.^^\ 
34Ct 
Chopter-4 
PROPOSED PUNT UYOUT 
(A CeaUUR UYOUT) 
There are many weaknesses in the existing plant layout Some of 
these are-
a) Back tracking 
b) Under utilization of plant capacity 
c) Too many delays and bottiened^ 
d) Inadequate inspection - same person looking after Q.C. and 
production botii. 
e) Lack of planning. 
f) Ijate coming, lack of motivation, absenteeism, carelessness. 
g) No specifications and drawings at machines, 
h) No identification of semi finished parts. 
i) Late reporting of shortage by workers, 
j) Inadequate provisions for safety of workers, 
k) No record of issue and receipt of dies. 
I) No preventive maintenance of machines. 
83 
In order to minimise the back tracking and transportation distances 
and to place the machines systematically to have smooth workflow, a 
modified layout is proposed in which some of the inefficiencies 
discussed above are removed. 
Two layouts were analysed. The layout with minimum transportation 
distances, proper utilization of machines and increased productivity Is 
recommended for adoption. 
In the proposed layout, three cells are suggested with centrally 
located store room and tool room as shown in Rg.-4.1. Each cell 
consists of a group of machines, which are required to carry out 
specific operations. 
Two gates are provided In both the store and tool room to reduce the 
transportation distances. In the proposed layout, polishing shop is 
placed in right comer of the shop floor with three gates, as it is 
required almost after every machining operation. One gate of 
polishing shop opens towards main passage to facilitate 
8<f 
transportation of polished parts to T^ plant for plating purpose. 
Other two gates open towards passages In the shop floor. 
Cell - 1 Is designed to produce cover, upper body, spacer, spider 
(hurka) etc. While cell - 2 is designed to produce key and levers 
mainly. Shackles, which require t)ending of M.S. road and other 
specific operations is proposed to be produced in ceil - 3. Flow of 
raw material to produce different parts is shown in the respective 
flow charts. 
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Flow process chart for Pad lock no ,21 
J o b 
Material 
Chart begins 
Chart ends 
Qtv. 
Spider (Hurka) 
M.S. (14 SWG) 
Store-2 
Store-1 
1 
j 1. Raw iiiolerial (Slicets) from 
Store-2 
! 2. Ti-ansporting sheets from store to 
' hvd. Press (10 ton) 
3. Delay in setting 
4. niajiking 
f). Tivinsportnioii of cut pntis to hniid 
press 
6. Delay in setting 
T.Kolo ninkiiiK for kinmli 
8. Trniisporliiig tiie parls for polishing 
9. Polishing 
lO.Transportiiig the ixilished parts to 
7,n plating plnnt 
] 1. Delay in plating plant 
1 2. Zn plating 
13. Transportation of Zn plated parts 
to hand press 
14. Khunti fitting 
15. Transporting the fitted parts to 
s t o r e ! 
16, Entry in store-1 
X2 
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• ^ 
> 
=<> 
^H.. 
= 0 
- ^ 
•={> 
V 
• = > 
H> 
= > 
=C> 
X^ 
^ 
u: 
D 
D 
n 
n 
^ 
D 
D 
D 
^ , 
D 
D 
D 
D 
D 
D 
D 
D 
x ] ^ 
D 
D 
D 
D 
M 
D 
D 
D 
D 
"D-
D 
D 
D 
X" 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
-V 
V 
V 
V 
X' 
^a 
X8 
j 
[2,7r 
3.7 
1fe.3 
9^ 
53 
is-.^  
2 5 1 ^ 
^ 
10 
• 
X9 
3.2.H-
M-.ll 
II.T7 
Xio 
87 
Flow process chart for Paid lock no.21 
Job 
Material 
Chart begins 
Chart ends 
Qty. 
Shackle (Kada) 
M.S. Rod 
Store-1 
Store-1 
1 
X I X2 X3 X5 X6 X7 
m 
X8 
£€C. 
X9 Xio 
1.Raw material (M.S.Rod) from 
Store-1 9.^ a ^ ^ 
2. Transporting rod from store to 
capstan lathe no.l V 1.2. 
3 Delay in setting V 
4 Rod & gitti cutting at capstan lathe 
no 1 V \\S \zs 
5 Transportajon of cut rods to milling 
machines r.1 
6 Delay in setting 0 c=J> V 
7 Slot making 
^ • D V 9,& 11.3 
8 Transporting the parts for polishing 0 • D V \s.ii 
9 Polishing 
- O D D 
10 Transporting the polished parts 
for bending 0 • D V •*•! 
11 Bending of rods 
- O D D V 12.2. \i+.r 
12 Transporting tlie gitti parts to 
hand press no 2 D D V 2-& 
13 Point cutting of Gitti 
=0 D D V 11-77 
I 14 Ti ansporting the gitt 1 for polishing 
1." Polishing of gitti 
O 
n 
DJV. 
D'V 
7-7 
I 15 Transporting the polished gitti to i 
i drilling machine j 
17 Diilbngof gitti 
C D V'4-'6 
D V 12.-S" nnr 
18 TiansportniR the gitti to hand 
pipss no 3 of tow 2 
I'-) Tian^poitmp, the bend lod to 
hand iiress no 3 of row 2 
20 Fitting of rxi ft gitt. 
21 Tionspomng the fitted parts to 
drilling machine 
D V_ W 
D"* V i •^'^ i 
D'V 
i I " 
&.7 \o,lif. 
^- Div;^- '^ 
22 Drilling of fitted parts D;V 11.2 113-2_! 
23 Transpoitmg the parts to grinding 
niarhme 
24 Giindin^ ol |5aits to KMUove the j 
IMIII etc I 
25 Tranbporliiig the finished paits to 
lil.ntmg plant 
2b Plating of tniished )XT.rts 
u D ' V °i^-' 
27 Tiajispoituig the plated kada to 
i^tore - 1 D,V ^^  
Flow process chart for Pad lock no .21 
J o b 
Material 
Chart begins 
Chart ends 
: Spacer (Parda) 
: CRCA (14 SWG) 
: Store-2 
: Store-1 
: 1 
X^  
1. Raw material (Sheets) from 
Store-2 
1 2. Transporting sheets from store to 
hyd. Press (10 ton) 
3, Delay in setting 
4. Cutting 
5. Transpoilaion of cut parts to hand 
press no. 2 
6. Delay in setting 
7. Drilling & bending 
8. Transporting the parts for polishing 
9. Polishing 
lO.Transporting the ;[X)lished parts to 
drilling machine 
11. Delay in setting 
12. Counter making 
13. Transportating the parts to Zn 
plating plant 
14. Zn plating 
15, Transporting the Zn plated parts 
to store-1 
16. Collection 85 Entry of finished 
parts in store-1 
1 
1 
i 
1 1 
i 
X' 
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®^ 
0 
0 
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nPi 
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Xio 
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Flow process chart for Pad lock no .21 
J o b 
MatericJ 
Chart begins 
Chart ends 
Qty. 
: Lever 
: CRCA (14 SWG) 
: Store-2 
: Store-1 
: 5 nos. of 3 types 
X4 , X5 ' X& ' X^ I X* I X^ I Xio 
' I I I I 
X' X2 X3 
1 Raw material (Sheets) from 
Storp-2 o:=*;- o-^ v 
2 Traiisiioiling sheets from store to ^~>. j ^ ^ f T ^ ' "TA 
h\d. PI CSS (10 ton) | U ! ^ ^ - U  
1 r)<^ lnv m setting'. 
4 Cutting 
5 Transporting the cut ]'arts to hand 
press no 1 
^ r ^ 
^ 
Oi^v 
b. Delay in setting 
D 
V ^•'•''1 
V 2-.7.! 2..4 
D V •^^ ' 
Lever making 
8 Trans])ortuig the parts for polishing 
9 Polishing 
10.Transporting the jjolished parts to 
Zn jjlating plant 
1 ] . Delay in plating plant 
12 Zn plating 
13 Transportation ol Zn plated parts 
to hand press 
14. Flattening 
15. Transporting the flattened parts 
to store-1 
16, Collection & Entry in store-1 
2^M-<S 
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Flow process chart for Pad lock no .21 
J o b 
Material 
Chart begins 
Chart ends 
Qty. __ 
X' 
i Raw matenal (Sheets) trom 
2 Ilanbjioitjiig sheetb ti0111 stoic to /^ 
h\d Tn-ssiin ton) v j 
Key 
M.S. (14 SWG) 
Store-2 
Store-1 
2_ _ 
X^ ~X^ ' X'' X^ X" X^~X« X'^  X'o ' 
_ '*2^  _^1^ _ 5 ^ 
o ^ 
D ' V &^ 
--1 
1 t i.ttuiy D V ©y=* ' 
r cMsjiuiiiUoii of Lilt i>i Its to hand /~\ \ w ' " T—N ^ (, 
: i . 2 2.,6. 
no 
I 1^ lov in 'it i tnH 
V 
0 =f" ^ 
7 Hole ma>ing Jui kc\ iini^ ^ ^ * ' ' ' = { > 
i" I nin-^poitmc; ihc pa t i s lor pohshuig I ^ 
0 Polishing 
ID li i i rpoi lnn. lh( polish< il pai ls to / ^ 
milling tii.irhiiK no , V_/ 
11 r)ela\ in setting 
\2 ^Ao\ < nltiiiK on iinlling iiiacluiu 
13 Tianspoilation of paitb to hand I /^ 
pn -^  s no 1 or2 ' low \J 
14 Nniiibciing, 
15 liaaispoiting tile paj1s foi 
polislung 
16 Pohshing 
1 7 Fiajisporting thr- poll >hrd paits to 
li\d I'ltss (3U ton) in 2''^ low 
18 Numbeiing (Big no 
14 Tiansporling the numbered parts 
to I'lating plant 
2(J Nt piatmg 
21 Transporting the plated parts to 
sfoie - J 
22 Collection 86 Entr>' of finished 
patts in s tore- 1 
i '^i. 'Z. 
°\\ 
Flow process chart for Pad lock no. 21 
Job 
Material 
Chart begins 
Chart ends 
Upper body 
CRCA(16SWG) 
Store-2 
Store-1 
2 
2.« , . t 
"^Z 
Flow process chart for Pad lock no .21 
J o b 
Material 
Chart begins 
Chart ends 
Qtv, 
Cover 
M.S. (14 SWG) 
Store-2 
Store-1 
2 
X I X2 ! X^ ^ i X^ I X5 X" ' X'^  ! X8 I X '^ I Xio 
! I i I vv\ I £,^\ ^c-^ 
• 1. Raw materiaJ (Slieets) from 
' Stor'?-2 
1 2. Ti-ajisporting sheets from store to 
i hyd. Press (20 ton) 
' 3. Dclny in setting 
1 
i 4. Blanking 
1 5. Transportation of cut parts for 
polishing 
6. Polishing 
7. Transportiiag the polished parts to 
hyd. Press (30 ton) 
8. Delay in setting 
9. Bending 85 Numbering 
10.Transporting the parts to hyd. 
Press (23 ton) 
1 1. Delay in setting 
12. Notcliing 
13. Transportation of parts to hand 
press no. 5 in 1« row 
14. Slot making for key 
15. Transporting the slotted parts to 
capstan lathe 
16. Facing 
17. Transporting the faced parts for 
polishing 
18. Polishing 
19. Transporting the polished parts to 
powder coating plant 
20. Powder coating 
21. Transporting the coated parts to 
store - 1 
22. Collection & Entry of finished 
parts in store - I 
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D 
D 
D 
D 
D 
D 
> 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
-y 
! 
2.,M-
1^  
.^r 
X.2. 
^ .1 
1 
^.1 
^ 8 > . l 
^ " 7 . ^ 
Z 8 0 
3.fe 
3.2. 
3.3 
•2. .7 
lK> 
2-,S3 
• 
^.iJi 
3.77 
^.&& 
^.1S 
ss 
Flow process chart for Pad lock no. 41 
J o b 
Material 
Chart begins 
Chart ends 
Qty. 
Spider (Hurka) 
M.S. (14 SWG) 
Store-2 
Store-1 
1 
X I 
1 .Raw material (Sheets) from 
Store-2 
2. Transporting sheets bom store to 
hyd. Press (10 ton) 
3. Delay in setting 
4. Blanking 
5. Transportation of cut parts to hand 
press 
6. Delay in setting 
7.Hole making for kliunti 
8. Transporting the parts for polishing 
X2 
0 
0 
LOJ 
@ ; 
0 
0 
^ 
0 
X3 
• = > 
Xt 
D 
-*ttr 
=ojjj: 
^ 
V 
cH> 
- ^ 
y 
9. Polishing 1 £>/^ , s^  
D 
N° m 
^ 
n 
m 
U 
X5 X' 
^ - T 
D 
^ 
D 
D 
'So 
D 
D 
D 
10 Tr.'msiiorting tiio jiolishod parts to , >-->. N^  ^ w ' ,~' ' -p^ 
Zn pl'itiii).'. pliuil \y ' ^ - J ' ' •L-' 
1 1 l)'-l/n' iti pl.'itinu pinni /-~^ __)x '~"v -r-& 
V 
V 
V 
V 
V 
V 
V 
X7 
38 
3.4> 
\6:7 
v: 
X8 
:i.7 
3.8 
X9 
^.la 
^t+7 
Xio 
i 
! 
' ' i 
1 i 
' 1 i 
1 1 1 
' i 1 
' ' i 1 
V 
)^'-/^Hpiaiing ( ^ ^ 1 ' ' n • y 
l.t Tr.'inspoitntion ofZii plntr'd p a n s ' y-\ ^ ' ' - j - ^ .-^ Q . 
1.'liaiul pivss \J : , \J V ' 
14 [CilUI'ili fittillB, , /^.' , N. • ~ T-->. x—j r\ .- i , 1 
15 Transportijig t!ie fitted parts to ' /-N ! \ ». | — ' T->. V~7 i r C" ' ' 
16 Enliv in store-1 ! /-v i , t\ | '—\ \''T^ • ^ i ' i 
. 0 ! ^ i -J 1 D ' T 1 '• 
2.sr,8, 
q^-
Ftow process chart for Pad lock no.41 
Job 
Material 
Chart begins 
Chart ends 
Qty. 
: Shackle (Kada) 
: M.S. Rod 
:Store-l 
: Store-1 
: 1 
X^  
l.Raw material (M5.Rocf) from 
Store-1 
2. Transporting rod ffwn store to capstan 
lathe no. 1 
3. Delay in setting 
4. Rod & gltti cutting at capstan lathe 
no.l 
5. Transportation at cut rods to miUIng 
machines 
6. Delay In setting 
7. Slot making 
8. Transporting the parts for polishing 
9. Polishing 
10. Transporting the polished parts for 
bsxling to txnding machine 
11. Delay in setting 
12. Bending d rods 
13. Transporting the gKti parts to hand 
press no 2 
K Point cutting of Gitti 
15. Trarvporting the gitti for polishing 
16. Polishing or gittI 
17. Transporting the polished gtti to 
drilling machine 
laDrWingorgitH 
19. Transporting the gitb to hand press 
no.9 
20. Transporting the bend rod to hand 
press no. 9 
21. Fitting or rod and gitti 
22. Transporting the fitted parts to drilling 
machine 
23. Drilling of fitted parts 
X^  
0 
0 
0 
© 
0 
0 
©: 
0 
< 
0 
0 
0; 
0 
• 
0 
0 
©: 
0 
0 
© 
0 
0 
X' 
•^ 
*T^ 
n ^ 
-=> 
• ^ 
«=> 
- ' • B B ^ 
> 
t s ^ 
^ - ^ 
-o 
^ 
> • 
«o 
> 
H> 
y 
- ^ 
i 
• ^ 
«=o 
H> 
•={> 
X* 
• 
^ 
DJ 
D 
^ 
D: 
D 
D 
D 
xO 
D^ 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
x^  
P 
D 
« 
D 
D 
« 
D 
D 
D 
D 
« 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
x« 
? 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
X' 
m 
I'S 
^^ 
IM-.I 
4-
-2-1 
& 
,^r 
l .M-
3 0 
'^h 
sec. 
U.S 
9.1 
11,fc 
9.1s: 
(2., | 
a.7 
\ i . i 
X» 
sec. 
12,r 
loni 
13.^ 
lo.e 
lif.-i^ 
\0r2h, 
13,1 
X" 
Ss-
24. Transporting the parts to grhding 
machne 
25. GrlrxSng of parts to remove the bun-
etc. 
26. Tnnsporting the flnishecl parts to 
plating plant 
27. Delay in plating plant 
28. Plating oT finished parts 
29. Transporting the plated luda to store 
- 1 
30. Entry of finished kada in store-1 
0 
Q 
0 
0 
0 
0 
0 
• ^ 
-<> 
• * 
• s ^ 
«=o 
^ ' 
«t> 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
B 
D 
D 
D 
V 
V 
V 
V 
V 
V 
• 
14 
°IB-
'ji.i 
<».a ll.Sl) 
2-4 5.< 
1( 
Fiow Ptx>cess chart for Pad lock no,41 
Job : Spacer (Parda) 
Material :CRCA(14SWG) 
Chart begins : Store-2 
Chart ends : Store-1 
X^  
1. Raw material (Sheets) from 
Stae-2 
2. Transporting sheets ftom store to hyd. 
Press (10 ton) 
3. Delay in setting 
4. Cutting 
5. Transportation of cut parts to liand 
press n a 2 
e.Oriiting&txnding 
7. Transporting the parts for polishing 
8. Polishhg 
9.Transporting the poDstied parts to 
drilling machine 
10. (May In setting 
11. Counter malcing 
I Z Transportation of the parts to Zn 
plating plant 
13. Delay in plating plant 
H . Zn plating 
15. Transporting the Zn plated parts to 
store-1 
16. Collection & Entry of finished parts in 
store-l 
X' 
0 
0 
0 
©; 
0 
©. 
0 
§ 
0 
0 
@ 
0 
0 
©J 
0 
0 
x' 
-o 
-^ 
=o 
^ 
> 
- o 
/ 
- 0 
«=o 
=0. 
- ^ 
- o 
=o 
- > 
=0> 
^ 
D 
:a 
D: 
D 
D 
D 
• 
D 
D 
D 
-D 
D. 
D 
D 
D 
x* 
P 
D 
^jgy 
D 
D 
D 
D 
D 
D 
e 
D 
D 
^ 
D 
D 
D 
x« 
• 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
T 
X' 
m 
3>7.) 
^•1 
1^ 
12 
^ 0 
9B 
X« 
cec 
2..M-
^.-7 
IV.if 
X* 
cec 
2..&3 
S-.S3 
I f c , ^ 
X" 
2-S-7.8 
q i 
Flow process chart for Pad Jock no.41 
3ob 
MateHal 
Chart begins 
Chart ends 
Qty. 
Lever 
:CRCA ( H S W G ) 
Store-2 
:Store-l 
. 7 nos. of 5 types 
X^  
1. Raw miterial (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press (10 ton) 
3. Delay in setting 
4. Cutting 
5. Transporting the cut parts to hand 
press n a l 
6. Lever maicing 
7. Transporting the parts for polishing 
8. Polishing 
9.Transpoiting the poRshed parts to Zn 
plating plant 
10. Deby In plating plant 
ILZnpiaUng 
12. Transportation of Zn plated parts to 
hand press 
13. Rattening 
14. Transporting the flattened parts to 
store-1 
15. Collection & Entry In store-l 
X' 
0 
0 
0 
©; 
0 
© 
0 
0 
0 
0 
i 
0 
0 
0 
0 
x^  
-*t> 
• ^ 
^^ 
^ 
^ 
H> 
- • 
-=> 
"^•^ 
-=> 
« B ^ 
> 
=0 
^ 
-o 
X* 
D 
^ 
D: 
D 
D 
D 
D 
D 
^ 
•: 
D 
n 
D 
J3. 
D 
x' 
P^ 
D 
9 
D 
D 
D 
D 
D 
D 
^ 
D 
D 
D 
D 
D 
x* 
-? 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
? 
X' 
m 
V-^ 
^ 
17 
96.i 
^0 
1 } . ^ 
X« 
MC. 
2..3 
^ 
2.9 
X* 
aec. 
-2..! 
3.S3 
3.i+i 
X" 
T-te.tf 
s& 
Flow process chart for Pad lock no.41 
Job : Key 
Material : M.S. (14 SWG) 
Chart begins : Store-2 
Chart ends : Store-1 Qty. 
X^  
1. Raw material (Sheets) from 
Store~2 
2. transporting sheets from store to hyd. 
Press (10 ton) 
3. Delay in setting 
4. Cutting 
5. Transportation of c i i parts to hand 
press no2 
6. Detay m setting 
7. Hole making for key ring 
8. Transporting the parts for polishing 
9.PolishJng 
lOTransporting the podshed parts to 
mlWng machine rxx 
11. Delay in setting 
12. Slot cutting on miffing machine 
13. Traraportatkxi of parts to hand press 
n a 7 
14. Numbering 
15. Transporting the parts for polishing 
16. Polishing 
17. Transporting the polished parts to 
hyd. Press (30 ton) in 2^ row 
1& Nuint)ering (Big no.) 
19. Transporting the mjn[ti)erad parts to 
Plying piarit 
2 a Delay in plating plant 
21. Ni plating 
22. Transporting the plated parts to store 
- 1 
23. Collectfon & Entry oC finished parts In 
s tore -1 
X* 
0 
0 
0 
© 
0 
0 
9 
0 
< 
0 
0 
© 
0 
^^ 
0 
® 
0 
e 
0 
0 
§ 
0 
0 
x' 
-o 
- • 
=i> 
- ^ 
X 
-t> 
«{> 
-={> 
^ 
-t> 
- 0 
/ 
- {> 
•H> 
\ ^ 
={> 
- ^ 
•=> 
^ 
" • 
«=0 
X^  
D 
D 
•^  
D 
^ 
•^  
D 
D 
D 
^ 
D^  
D 
D 
D 
D 
D 
D 
D 
q 
D 
D 
D 
x' 
D 
D 
M 
D 
D 
"i 
D 
D 
D 
D 
« 
D 
D 
D 
D 
D 
D 
D 
D 
^ 
D 
D 
D 
x« 
1 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
x' 
"SB 
t f . l 
n.r 
\S'^ 
2.,S 
17.^ 
tt+ 
97 
% S 
X« 
^L.-iS 
2.7 
11,r 
U.9 
3.7 
X* 
•2.XS 
^.18 
<3,S^ 
?77 
^,St 
x " 
2t4-.2. 
q=) 
Flow process 
Job 
Material 
Chart begins 
Chart ends 
Qty. 
chart for Pad lock no.41 
Upper body 
CRCA (16 SWG) 
Store-2 
Store-1 
2 
X^  
l.Raw material (Sheets) from 
Stofe-2 
2. Transporting sheets from store to hyd. 
Press (20 ton) 
3. Delay in setting 
4. Cutting 
5. Transportation of cut parts to hyd. 
Press (5 ton) 
6. Delay in setting 
7.2* operation (cutOnjj) 
8. Trwisporting the parts to hand press 
n a l & 2 
9. Delay in setting 
10. hlole maidngft flattening 
ll.Transportmg the Rattened parts for 
polishing 
12.PolishiT^ 
13. Transporting the poHshed parts to Zn 
piating piant 
14. Delay in Zn plaUng plant 
15. Zn coating 
16. Transporting the Zn coated parts to 
hand press no. 4 
17. Rod mting 
18. Transporting the fitted parts bo store 
1 
19. Collection & Entry of finished parts bi 
store 1 
X^  
a 
0 
0 
« . 
0 
0 
®c 
0 
0 
©; 
0 
\K 
^ 
0 
Q 
0 
© 
0 
0 
x^  
-=0 
-o 
- ^ 
V 
' ^ 
- ^ 
"-•^  
- 0 
^ 
H> 
V 
•={> 
- ^ 
-<> 
=^> 
-^ 
= > 
x^  
D 
% D: 
D 
XI 
n" 
D 
^ . D^  
D 
D 
D 
-P 
&: 
D 
D 
D 
U 
D 
x^  
D 
D 
9 
D 
D 
« 
D 
D 
« 
D 
D 
D 
D 
^© 
D 
D 
D 
D 
D 
x« 
T 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
m 
3>^  
Q-.I 
^n 
16 
"il 
^0 
13^ 
X* 
MC. 
2-3 
in 
^•GS 
13.9 
X' 
MC. 
^.7 
3.18 
4,^r 
l£-^ G 
X" 
ZGG.7 
l e t 
Flow process chart for Pad iock no,41 
Job : Cover 
Material :M.S. (14SWG) 
Chart begins : Store-2 
Chart ends : Store-1 
X^  
1. Raw material (Sheets) from 
Store-2 
2. Transporting sheets from store to hyd. 
Press (20 ton) 
3. Delay in setting 
4. Blanldng 
5. Transportation oT cut parts for poiishing 
6.Polishbig 
7. Transporting the polished parts to hyd. 
Press (30 ton) 
8. Delay in setting 
9. B&iding & Numt)ering 
10.Transporting the parts to hyd. Press 
(25t£3n) 
11. Delay In setting 
IZNotchlr^ 
13. Transportation of parts to hand press 
no. 5 in 1* row 
14. Slot mailing for key 
15. Transporting the slotted parts to 
capstan lathe 
16. Delay in setting 
17. Facing 
18. Transporting the faced parts for 
polishing 
19. Polishing 
20. Transporting the polished parts to 
powder coating plant 
21. Powder coating 
22. Transporting the coated parts to store 
- 1 
23. Collection & Entry of finished parts in 
store-1 
x^  
0 
0 
0 
r 
0 
< 
0 
0 
r 
0 
0 
®; 
0 
© 
0 
0 
© 
0 
G 
0 
0 
0 
0 
yr 
- 0 
X^  
D 
- • ^ 
=*• 
'=o 
^ 
-o 
V 
= > 
^ 
-^ 
^0 
B ^ 
^^^ 
«=o 
^ 
7^ 
•=0^  
> 
/ 
^ 
H> 
•=<> 
D 
D 
D 
D 
^ 
^ 
D 
^ . 
^ 
D 
D 
D 
^ 
.o: 
D 
D 
D 
D 
D 
•0 
D 
Qty-)? 
DH 
D 
« 
D 
D 
D 
D 
" • 
D 
D 
« 
D 
D 
D 
D 
:© 
D 
D 
D 
D 
D 
D 
D 
: 2 
X« 
• 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
? 
x ' 
3*) 
18.7 
9-4-
•2.3 
^ . ^ 
7 
tf.^ 
9B.S 
^1 
X« 
2.,^ 
3.7 
3.1 
3,2 
3,4 
x« 
2,63 
^.34 
3,4s-
1.7)1 
'4,2V 
x " 
Z8o.4 
>oi 
Chapter - 5 
RESULTS AND DISCUSSION 
Cellular layout has been designed and proposed to improve 
the existing plant layout of M/s. Morris Bajaj lock Ind. The 
weaknesses and inefficiencies in present plant layout, as 
discussed in Chapter 4, are taken care of while designing the 
proposed layout 
On comparing the two layouts i.e. the existing layout and the 
proposed layout, it is observed that the number of delays have 
been reduced from 159 to 43, the transportation distance is 
3744.4 m in the proposed layout while it was 4717.3 m 
in the existing layout. 
The material handling has also been minimised by using 
gravity system of collection of parts so that output of one 
machine is available to the other machine as input without 
much movement. The Tables 5.1 to 5.14 show a comparison 
102 
between the existing and the proposed layouts for different 
components. 
It is also observed from tables/ calculations that with the 
x^ellular layout the productivity has been increased by 12.4 
%. In the proposed cellular layout all machine have been 
utilised in the best possible manner. 
lo3 
Table 5.1: Comparison of the flow process charts of existing and 
proposed layout for spider of pad lock no.21 
Layout 
Present 
Proposed 
Difference 
Operation 
5 
5 
0 
Transportation 
6 
6 
0 
Delay 
8 
3 
5 
Storage 
2 
2 
0 
Distance 
Traveled 
302.7 
251.B 
£0.9 
Workers 
Involved 
11 
10 
1 
Table 5.2: Comparison of the flow process charts of existing and 
proposed layout for ahadde of pad lock no.21 
Layout 
Present 
Proposed 
Difference 
Operation 
11 
11 
0 
Transportation 
13 
13 
0 
Delay 
11 
2 
9 
Storage 
2 
2 
0 
Distance 
Traveled 
36'^.') 
2^9, r 
iq-o.tf 
Workers 
Involved 
t 6 
11+ 
2. 
Table 5.3: Comparison of the flow process charts of existing and 
proposed layout for spacer of pad lock no.21 
Layout 
Present 
Proposed 
Difference 
Operation 
5 
5 
0 
Transportation 
6 
6 
0 
Delay 
9 
3 
6 
Storage 
2 
2 
0 
Distance 
traveled 
^oE•fc 
2.S-fe.ft 
s-i.fi 
Worters 
Involved 
\o 
9 
) 
Table 5.4: Comparison of the "flow process charts of existing and 
proposed layout for lever of pad tock no.21 
Layout 
Present 
Proposed 
Difference 
Operation 
5 
5 
0 
Transportation 
6 
6 
0 
Delay 
9 
3 
6 
Storage 
2 
2 
0 
Distance 
traveled 
Zzs 
1^i+Fi 
6o . l 
Workers 
Involved 
\o 
S 
I 
toi+ 
Tabto 5.5: ComfNirison of the flow process chaitt of axisting and 
proposed layout for key of pad lock no.21 
Layout 
Present 
Proposed 
Difference 
Table 5. 
Layout 
Present 
Proposed 
DtfTerence 
Operation 
8 
8 
0 
Transportation 
9 
9 
0 
Delay 
14 
3 
11 
Storage 
2 
2 
0 
Distance 
Traveled 
^87.5" 
2q2.,2-
^S".3 
Workers 
Involved 
1 ^ 
U 
1 
6: Comparison of the flow process charts of existing and 
proposed layout for upper body of pad lock iio.21 
Operation 
6 
6 
0 
Transportation 
7 
7 
0 
Delay 
12 
2 
10 
Storage 
2 
2 
0 
Distance 
traveled 
30Z.6 
2^,G 
l>h'0 
Workers 
Involved 
M 
t o 
\ 
Table 5.7: Comparison of the flow process charts of existing and 
proposed layout for cover of pad lock no.21 
Layout 
Present 
Proposed 
Deference 
Operation 
8 
8 
0 
Transportation 
9 
9 
0 
Delay 
16 
3 
13 
Storage 
2 
2 
0 
Distance 
Traveled 
Stffe.t 
2.6o.t 
(>h.o 
Workers 
Involved 
l i f 
1-2-
2-
\os 
Table 5.8: Comparison of the flow process charts of existing and 
proposed layout for spider of pad lock no.41 
Layout 
Present 
Proposed 
Dtfference 
Operation 
5 
5 
0 
Transportation 
6 
6 
0 
Delay 
7 
3 
4 
Storage 
2 
2 
0 
Distance 
Traveled 
"hooG 
S-S-S'.B 
t+M-.e 
Worlars 
Involved 
11 
10 
1 
Table 5.9: Comparison of the flow process charts of existing and 
proposed layout for sltadde of pad lock no .41 
Layout 
Present 
Proposed 
DtfTerence 
Operation 
11 
11 
0 
Transportation 
13 
13 
0 
Delay 
13 
4 
9 
Stonge 
2 
2 
0 
Distance 
Traveled 
36S.O 
Zi+8'S-
m o . S " 
Woricers 
Involved 
\b 
i 4 
2 . 
Table 5.10: Comparison of the fk>w process charts of existing and 
proposed layout for spacer of pad k>ck no .41 
Layout 
Present 
Proposed 
Difference 
Operation 
5 
5 
0 
Transportation 
6 
6 
0 
Delay 
8 
3 
5 
Storage 
2 
2 
0 
Distance 
Traveled 
306 
•2LS-7,& 
t+B . l 
Woriars 
Involved 
10 
^ 
1 
Table 5.11: Comparison of the flow [process charts of existing and 
proposed layout for lever oiF pad k>ck no.41 
Layout 
Present 
Proposed 
Difference 
Operation 
5 
5 
0 
Transportation 
6 
6 
0 
Delay 
8 
2 
6 
Storage 
2 
2 
0 
Distance 
traveled 
32.2-. 1 
2.fe&,'f-
^2..'? 
Woricers 
Involved 
i o 
^ 
1 
\oe 
Tabic 5.12: Comparteon of the flow procoM charts of axisting and 
ptx>posed layout for kay of pad lock no.41 
Layout 
Present 
Proposed 
Difference 
Table 5. 
Layout 
Present 
Proposed 
Difference 
Operation 
8 
8 
0 
Transportation 
9 
9 
0 
Delay 
15 
4 
11 
Storage 
2 
2 
0 
Distance 
Traveled 
388. .2 
30^.1. 
8^.c 
Wori«rs 
Involved 
JM-
n 
3 
13: Comparison of the flow process charts of existing and 
proposed layout for upper body of pad lock no.41 
Operation 
6 
6 
0 
Transportation 
7 
7 
0 
Delay 
12 
4 
8 
Storage 
2 
2 
0 
Distance 
Traveled 
"io3.i+ 
-2.6.^.7 
3^ .1 
Workers 
Involved 
11 
10 
1 
Table 5.14: Comparison of the flow process charts of existing and 
proposed layout for cover of pad lock no.41 
Layout 
Present 
Proposed 
Difference 
Operation 
8 
8 
0 
Transportation 
9 
9 
0 
Delay 
17 
4 
13 
Storage 
2 
2 
0 
Distance 
Traveled 
2>^s.\ 
2.80.4 
fotf.S 
Workers 
Involved 
m 
11 
2. 
<07 
Table 5.15: Cost of construction! of the factory 
Description 
1. Workshop 
2. Offices & 
other covered 
area 
Dimension 
in m x m 
25m X 22m 
22m X 10m 
Area In m^ 
550 
220 
Cost per square 
metre in Rs. 
1000 
1200 
Total cost in 
Rs. 
5,50,000 
2,64,000 
Total 
Cost of land @ 1000/- per square metre « Rs. 
(1000x1000) 
= Rs. 8,14,000 
10,00,000 
Total =Rs. 18,14,000 
AoB-
Table 5.16: Different machines with their 
specifications and approximate cost 
S.no. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
Name of machine 
Power press 
Power press 
Power presses 
Power presses 
Power presses 
Power presses 
Power presses 
Hand presses 
Milling machines 
Drilling machines 
l.athe machines 
Grinder 
Bending machine 
Generator 
Dies & tools 
Lenclng machine 
Specification 
75 ton 
50 ton 
30 ton 
20 ton 
10 ton 
5 ton 
2.5 ton 
IH.P. 
IH.P. 
1H.P. 
IH.P. 
30kVA 
Number 
1 
1 
3 
4 
4 
3 
2 
31 
10 
10 
6 
1 
1 
1 
2 
Unit cost in 
Rs. 
220000 
200000 
160000 
140000 
100000 
60000 
40000 
6000 
50000 
50000 
120000 
50000 
24000 
250000 
40000 
Total cost In 
R& 
220000 
200000 
480000 
560000 
400000 
180000 
80000 
186000 
500000 
500000 
720000 
50000 
24000 
250000 
200000 
80000 
Total R& 46,30,000 
\oS 
Electrification and Installation charges: 
Charges of Electrification and Installation for different machines has been 
taken as 5% of the cost of machines & equipment - 2,31,500 
Office furniture & accessories: 
The office is located in front side of plant near the main gate of the fectory. 
Cost of office furniture & other accessories provided in the office is - 25,000 
Total cost = land & building cost + cost of machines & equipment + cost of 
electrification and installation + cost of office furniture & 
accessories 
= 18,14,000 + 46,30,000 + 2,31,500 + 25,000 
= 67,00,500 
»lc 
Electrification and Installation charges: 
Charges of Electrification and Installation for different machines has been 
taken as 5% of the cost of machines & equipment - 2,31,500 
Office furniture & accessories: 
The office is located in front side of plant near the main gate of the fector/. 
Cost of ofTice furniture & other accessories provided in the office is - 25,000 
Total cost = land & building cost + cost of machines & equipment + cost of 
electrifiaition and installation + cost of office furniture & 
accessories 
= 18,14,000 + 46,30,000 + 2,31,500 + 25,000 
= 67,00,500 
MC 
Calculation for Working Capital for existing layout: 
The working capital includes the cost of raw material, utilities, staff & 
workers and overheads. Working capital is required to run the factory for a 
particular period. Table - 5.17 shows the cost of raw materials required for 
manufacturing the locks while table 5.18 shows the salary & wages of staff & 
workers. 
Utilfties&ov«rhMd: 
Expenditure on utilities like power, diesel & water is shown in table 5.19 
Plating is carried out in 2^ plant, few materials are purchased from market. 
Postage, stationary, telephones bill, sales promotion and transportation 
charges are also included in overhead costs. Table 5.20 shows these 
overhead costs. 
Working capital for one month - cost of raw material + amount paki 
towards salary & wages + cost of utilities + cost of overhead 
= 95,787.5 + 1,11,100 + 31,000 + 1,00000 
= 3,37,887.5 
Working capital for three months = 10,13,662.5 
Total capital investment = Rxed capital + woricing capital for three 
months 
= 67,00,500 + 10,13,662.5 
= 77,14,162.5 
111 
Coat of production per year: 
Cost of production per year includes the working capital for a year, 
depreciation of land & building, machines and fur r^re and the interest 
payable on loan taken from financial institutk)ns. The depreciation on buiUing 
has been taken as 2.25 % while for machines and equipment it is 10 % 
(Engineering economy by Degarmo, E.P., Vm* Edition 1942) 
The interest payable on borrowed capital is 20 %. Table 5.21 & 5.22 shows 
the total cost of productkm. 
The factory produces 225000 pad k>ck no. 21 & 120000 pad k>ck no. 41 per 
year. Sale pike of the bck to dealers is Rs. 18 of pad k)ck no. 21 & Rs. 25 of 
pad k>ck no. 41. 
\ i : _ 
Calculation for working capital for proposed layout: 
Cost of raw materia! for one month = Rs. 1,14,787 
Salary and wages = Rs. 1,11,100 
Cost of utilities = Rs. 31,100 
Cost of overheads = Rs. 1,00,000 
Working capital for one month = 1,14,787 + 1,11,100 + 31,100 + 
1,00,000 
= Rs. 3,56,887 
Working capital for three months - Rs. 10,70,661 
Working capital for 12 months = Rs. 42,82,644 
Total capital investment = Fixed capital -«- Working capital for three months 
= Rs. 67,00,500 + Rs. 10,70,661 
= Rs. 77,71,161 
wi 
Table 5.17: Raw material with ttiair coat & quantity for one month 
S.no. 
1. 
2. 
3. 
4. 
5. 
Material 
M.S.sheet (16 
oauoe) 
M.S.sheet (14 
gauge) 
M^^heet (18 
gauge) 
M.S.Rod no.l 
M.S.Rod no.2 
Cost of 
material per 
kflCRs.) 
17.5 
17.5 
17.5 
16.0 
16.0 
Material 
required (leg) 
1750 
650 
925 
1150 
1200 
Cost in Rs. 
30,625 
11,375 
16,187.5 
18.400 
19,200 
Total = Rs. 95,787.5 
l i t 
Table 5.18: Salary & Wages of staff & workers for one month 
S.no. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
Designation 
Manager 
Supervisor 
Power press 
operator 
Milling m/c operator 
Drilling m/c operator 
Lathe m/c operator 
Hand press operator 
Helpers 
Gatekeeper 
Storekeeper 
Store asstt. 
Accountant 
Clerk 
Skilled & semi sUlled 
worlcers for k>ck 
assembly 
Sweeper 
Watchman 
Number 
1 
1 
6 
5 
5 
2 
10 
5 
4 
1 
1 
3 
1 
5 
1 
1 
Salary in Rs. 
8000 
4000 
2000 
1800 
1800 
2000 
1500 
1200 
2000 
2000 
1500 
3000 
2000 
1800 
1000 
1500 
Total in Rs. 
8000 
4000 
12000 
9000 
9000 
4000 
15000 
6000 
8000 
2000 
1500 
9000 
2000 
9000 
1000 
1500 
Total = Rs. 1,01,000 
Bonus @ 10% =Rs. 10,100 
Total = Rs. 1,11,100 
US' 
Table 5.19: Details of utilities per month 
S.no. 
1. 
2. 
3. 
Utility 
Power 
Diesel 
Water 
Consumption 
4000 units 
1000 liter 
-
Charges/unit 
(Rs.) 
3 
18 
-
Total cost 
(Rs.) 
12,000 
18,000 
1,000 
Total = Rs. 31,000 
Table 5.20: Details of overheads per month 
S.no. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Item 
Postage 
Stationary 
Telephone bill 
Sales promotion 
Ni plating charge 
Zn plating change 
Powder coating 
Transportation 
Miscellaneous 
Quantity 
-
m 
-
-
-
-
-
-
-
Cost/unit 
(Rs.) 
-
-
-
-
-
-
-
-
Total cost 
4,000 
2,000 
2,000 
10,000 
50,000 
4,000 
4,000 
10,000 
14,000 
Total = Rs. 1,00,000 
Ufe 
Table5.21: Cost of production per year for existing plant 
layout 
S.no. 
1. 
2. 
3. 
4. 
5. 
Item 
Working capital 
Building 
Machines & equipment 
Office furniture & accessories 
Interest 20% on 77.14,162 
Depreciation Rate 
2.25% 
10% 
20% 
Amount/Total 
depredation 
40,54,650 
18,315 
4,86,150 
5,000 
15,42,832 
Total = Rs. 61,06,947 
in 
Tables.22: Cost of production per year for proposed plant 
layout 
S.no. 
1. 
2. 
3. 
4. 
5. 
Item 
Working capital 
Building 
Machines & equipment 
Office furniture &. accessories 
Interest 20% on 7771161 
Depreciation Rate 
2.25% 
10% 
20% 
Amount/Total 
depreciation 
42,82,644 
18,315 
4,86450 
5,000 
15,54,232 
Total = Rs. 63,46,341 
\ifi 
Calculation for the turnover of the factory for existing layout: 
1) Pad lock no.21 produced per year = 2,25,000 
2) Sale price of one lock of pad lock no. 21 = Rs.l8 
3) Income per year from pad tock no.21 = 2,25,000 x 18 
4) Pad lock no.41 produced per year 
5) Sale price of one lock of pad k>ck no. 41 
= 40,50,000 
= 1,20,000 
= Rs.25 
6) Income per year from pad lock no.41 = 1,20,000 X 25 
7) Total income per year 
8) Gross income to the factory 
9) Tax to be paid on the gross income 
10) Net profit to the company 
= 30,00,000 
= 70,50,000 
= Total income - cost of production 
= 70,50,000 - 61,06,947 = 9,43,053 
% of profit to the company 
2,62,054 
= Gross income - Tax paid 
= 9,43,053 - 2,62,054 
= 6,80,999 
= (Profit /working capital) x 100 
= (6,80,999 / 40,54,650) X 100 
= 16.8 % 
n^ 
Calculation for the turnover of the factory for proposed layout: 
1) Pad lock no.21 produced per year = 2,88,000 
2) Sale price of one lock of pad lock no. 21 = Rs.l8 
3) Income per year from pad k>ck no.21 = 2,88,000 x 18 
4) Pad lock no.41 produced per year 
5) Sale price of one lock of pad lock no. 41 
6) Income per year from pad lock no.41 
= 51,84,000 
= 1,50,000 
= Rs.25 
= 1,50,000x25 
7) Total Income per year 
8) Gross income to the factory 
= 3,75,0000 
= 89,34,000 
= Total Income - cost of production 
= 89,34,000 - 63,46,341 
= 25,87,659 
9) Tax to be paid on the gross income = 7,65,304 
10) Net profit to the company = Gross income - Tax paid 
= 2587659 - 765304 
I < » » 
= 1822355 
= (Profit /woridng capital) x 100 
= (18,22,355 / 42,82,644) x 100 
= 42.6 % 
% of profit to tfie company 
\ 1 0 
Productivity of existing plant layout: 
Market value of production (output) 
Labour /staff cost (L) 
Material cost (M) 
Capital investment (C) 
T<^l miscellaneous cost (X) 
Productivity 
= 70,50,000 
= 13,33,200 
= 11,49,450 
= 77,14,162.5 
= 15,72,000 
= total output / Total input 
= 0/L+M+C+X 
= 70,50,000/1,17,68,812. 
= 0.599 
= 59.9 % 
»2.( 
Productivity of proposed plant layout: 
Market value of production (output) = 89,34,000 
Labour /staff cost (L) = 13,33,200 
Material cost (M) = 13,77,444 
Capital Investment (C) = 77,71,161 
Total miscellaneous cost (X) = 18,72,000 
Productivity = total output / Total input 
= 0 / L+M+C+X 
= 89,34,000 / 1,23,53,805 
= 0.723 
= 72.3% 
12J. 
Table 5.23: Comparison of different factors in existing & 
proposed layout 
Layout 
Existing 
Proposed 
Fixed 
capital 
A(Rs.) 
6700500 
67D0500 
Working 
capital 6 
(for 3 
months) 
1013662.5 
1070661 
Total capital 
investment 
A+ B 
7714162.5 
7771161 
Cost of 
production 
per year 
6106947 
6346341 
Turn 
over 
per 
year 
7050000 
8934000 
Profit 
after 
Tax 
680999 
1822355 
Productivity 
59.9% 
72.3% 
Increase In productivity = Productivity of proposed layout - Productivity of 
existing layout 
= 72.3 - 59.9 
= 12.4 % 
Increase In profit = 42.6 - 16.8 
= 25.8% 
»x^  
CHAPTER - 6 
Conclusions and scope for further research 
In the present study to improve thfe productivity of M/s.Morris Bajaj Lock 
industry, Aligarh, various inefficiencies were observed. It was observed that 
there were no scheduled workers on hand presses, drilhng and milling 
machines for operating them. Workers were assigned different operations at 
different times. Consequently each worker was performing operations in his 
own way. There was no standard method being followed by all operators. 
Workload on different machines was not planned and distributed properly 
due to which some of the machines remained idle for many days. Since 
production was not planned, there were many delays and bottlenecks in 
processes. A lot of back tracking was also observed. 
Since specifications and drawings were not provided at machines, operators 
did manipulation to produce different mating parts, which might result, 
sometimes, in defective lot of parts. Consequently, productivity was 
affected badly. 
1Z4-
Following conclusions can be drawn on the basis of present study -
1) Flow process charts for different parts of pad lock no. 21 & 41 for 
existing and proposed layouts are drawn which show different 
operations, their sequence, transportation distances, delays etc. This data 
helps to determine the number of different machines required to produce 
a specific volume of product without any unnecessary delays. 
2) Standard time for manufacturing different parts has been calculated 
taking into account the fatigue allowance, personal & delay allowance 
and rating factor etc. 
3) Delays have been considerably reduced and transportation distance has 
come down to 3744.4 m in the proposed layout fi-om 4717.3 m in the 
existing layout. 
4) Different machines in the factory, wliich were not fully utilised in the 
existing layout, have been optimally utilised in the proposed layout. 
5) Operations like Zinc & Nickel plating, assembh of locks etc. are carried 
out in different plants in the existing layout, which increases matenal 
115 
handling. This drawback could not be overcome in the proposed layout 
due to requirement of large area for these operations. 
6) With the change in layout productivity/ has increased by 12.4 % and 
profit has increased by 25.8 %. 
7) The change in layout has resulted in the reduction of the transportation 
distance from 4717.3 m to 3744.4 m. 
Some of the points which need to be kept in mind in future for further 
research are as follows: -
1. It is suggested that the fiiture studies should be carried out through 
computerized layout plaiming technique, which may further enhance 
the productivity. 
2. Motion study on different operations may be carried out to determine 
the idle and inefficient steps and to suggest a better method to do the 
Job. 
126 
3. Qualit>' control methods may be applied to enhance productivity-. 
Stage inspection may be carried out after each operation so that there 
is least problem during assembly of mating parts. 
The proper working conditions also play an important role towards 
the productivity enhancement of the manufacturing concern. It is 
suggested that future studies should be carried out taking into account 
the effect of different variables like proper illumination, proper 
seating arrangements, reduced noise etc., on the performance of the 
worker. 
These are some of the suggestions for any future work to fiirth^ 
enhance the productivity. 
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